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SUCCESSIVE BRIGHTNESS DISCRIMINATION IN RATS FOLLOWING 


REGULAR VERSUS RANDOM INTERMITTENT REINFORCEMENT ! 
CHARLES F. FLAHERTY? JOHN W. DAVENPORT 
Rutgers—The State University University of Wisconsin 


Two groups of rats were given 50% random or regular reinforcement ina gray 
runway until the regular-trained group displayed clear evidence of patterning. 
s, the 


In a subsequent successive discrimination in black and white runv 
performance of the pattern-trained group was superior to that of the 
trained group, particularly with respect to terminal speeds on S— trials. The 
discrimination results confirmed A. Amsel's notions regarding the mediated 
transfer of persistence and avoidance by frustration. The within-session de- 
velopment of patterning behavior in the gray runway task was found to be 
consistent with B. B. Murdock's 1960 scale of stimulus distinctiveness for 
serial learning situations. E. J. Capaldi's sequential theory is discussed in 
relation to both the patterning and discrimination results. 


Rats develop differential response ten- Thus S is conditioned to the approach 
dencies on rewarded (R) and nonrewarded response because an N trial is always fol- 
(N) trials in a 50% reinforcement schedule lowed by an R trial, and conversely, S}? 
if the R and N are regularly alternated acquires an inhibitory influence because an 
(e.g., Capaldi & Stanley, 1963; Tyler, R trial is always followed by an N trial. 
Wortz, & Bitterman, 1953). Terminal Commonly used random 50% schedules, 
performance, called patterning, on such a on the other hand, do not generate pat- 
schedule consists of fast responding on R — terning because neither S® nor SN is con- 
trials and slow responding on N trials, sistently associated with reward (or nonre- 
i in the absence of external discriminative ward) over many trials, with the result 
cues. Capaldi (1967) has attributed these that these stimulus aftereffects provide 
differential response tendencies to the con- little or no discriminative control over 
ditioning of stimulus aftereffects, S” and responding. 

SN, of the R and N trials, respectively. Although there is now a considerable 
1 This work was supported by a grant from the renun Un the Blocking BE enhancement 
as s : ulus control as a function of prior 


Rutgers Research Council and a Biological Sciences a eta É a 
^ support grant to the first author and by Grant spar ta another dimension (e.g., Mack- 
RR-00167 from the National Institutes of Health intosh & Honig, 1970; Thomas, Freeman, 


to the Wisconsin Regional Primate Research Center, Svinicki, Burr, & Lyons, 1970) and inten- 
Publication 11-053 of the Wisconsin Regional sive work reported (e.g., Amsel & Ward 
Primate Research Center. 1965) on black-white runway discrimina- 


* Requests for reprints should be sent to Charles ü f à F GaS r 
P. Flaherty, Department of Psychology, Rutgers— ion as a function of prediscrimination 


The State University, New Brunswick, New Jersey experience with the black and white dis- 
08903. criminanda, the question of how perform- 
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ance in an externally cued discrimination 
is affected by prior learning of a discrimina- 
tion which does not involve external dis- 
criminative cues has apparently been neg- 
lected. It has occurred to us that the more 
specific question of how the acquisition of 
a successive black-white discrimination in 
dual runways proceeds in rats which have 
previously acquired patterning on a regular 
50% schedule, as compared with rats hav- 
ing prior exposure to a random 50% sched- 
ule, in a single gray runway is of particular 
theoretical interest. 

Amsel's (1967) theoretical conceptions 
about anticipatory frustration (rp), frustra- 
tion-produced stimuli (sr), and various 
sp-elicited response tendencies (e.g., per- 
sisting approach, avoidance, or competing 
responses) which can transfer from one 
learning situation to another via the me- 
diating rp — sp mechanism lead us to 
expect that rats who learn patterning in a 
gray alley would acquire a subsequent 
discrimination in black and white alleys 
more rapidly than would rats rece 
random 50% reinforcement. in the gray 
alley, and would display the discrimination 
in terms of greater speed differences be- 
tween positive (S+) and negative (S—) 
trials. The latter (random) group, accord- 
ing to this view, would learn to persist in 
approaching the goal box in the face of 
frustration in the initial gray-alley task, 
and such persistence would be the dominant 
response tendency in the subsequent dis- 
crimination whenever rp was elicited on the 
S— trials, until the discrimination was 
learned to the point where avoidance or 
competing responses predominated over 
approach tendencies. Jn contrast, the 
patterning group, if trained on regular 50% 
reinforcement in the gray alley long enough 
to display consistent inhibition of approach 
responding on N trials, would tend to 
make (s;-elicited) competing or goal-box- 
avoidance responses as soon as rp was built 
up on S— trials in the black-white 
discrimination, 

‘The expected group difference on the S— 
trials Parallels the empirical finding (e.g., 
Capaldi, 1958; Tyler et al., 1953) that 
ordinary extinction extended 


iving 


following 


training under single-alternation 50% rein- 
forcement is more rapid than extinction 
following a random 50% schedule. Capaldi 
(1966, 1967) can derive this extinction re- 
sult from the fact that the dissimilarity 
between the N lengths of 5067 reinforce- 
ment and extinction is greater; and hence 
response decrement in extinction would m 
greater for a regular-trained group (initially 
conditioned to a single N length of one) 
than for a random-trained group (which 
typically receives many conditionings 9 
N lengths of one, two, or three). 

It would appear at first glance that 
Capaldi's (1967) formulation could just 
as readily handle the analogous dil 
with respect to S— trials in discrimin 
and thus make a prediction. similar t 
Amsel's (1967). In applying Capaldi $ 
explanation of the extinction result to 4 
typical successive discrimination situation: 
however, there are obvious complication? 
stemming from the fact that S+ and 57 
are randomly interspersed in the -— 
Capaldi's heavy emphasis upon the o 
value of covert stimulus aftereffects wou i 
lead us to expect that on the early trials b 
a black-white discrimination, performan¢ 
on a given trial by rats which have acquire’ 
patterning in a similar setting would p 
strongly influenced by the stimulus car? 
over (S£ or SN) of the preceding trial, $, 
gardless of the external cues (S+ or S 
present on the given or the preceding E 
Whether this influence would be benefici" 
to the acquisition. of the discriminatio”’ 
relative to acquisition rates of rando". 
trained animals, is not clear. The effe 
might depend on the particular sequent. 
of S+ and S— trials administered. TIe 
could be "biased" so as to produce (sP" " 
iously) good performance, as might 
expected with sequences 
alternation of S+ 
performance, whic 


e 
approaching sing 
and S— trials, or P 
h might result from $ 
‘uences containing consecutive S+ or ° i 
trials (eg., S+S+S4+5—S—s_), but it” 
also possible that 

Viated more and more from single alte e 
tion of S+ and S— trials they would : ig 
vide more new information to pam ue 
trained rats, Further complications " 


. »1ce$ 
as the trial sequence? ~, 
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from Capaldi's (1967) assumptions that the 
aftereffects of two or more consecutive N 
(or R) trials are somewhat dissimilar to 
single-trial aftereffects, and that the after- 
effect of a given trial may include "mem- 
ories" of stimulus events over and above 
reward or nonreward experiences. The 
latter of these assumptions leads to an 
alternative theoretical strategy in applying 
Capaldi's formulation to successive dis- 
crimination which we discuss later. 

With various options available to the 
sequential theorist, it is apparent. that 
investigating the transfer by pattern- and 
random-trained groups to successive dis- 
crimination would not constitute a crucial 
test of the Amsel (1967) versus Capaldi 
(1967) theories. This experiment does, 
however, provide an opportunity to examine 
whether Amsel's transfer-mediating mecha- 
nism (ry — sp) applies to an unusual type 
of transfer situation, and it promises to 
yield useful information to the sequential 
theorist regarding the more fruitful strategy 
in extending Capaldi's instrumental learn- 
ing theory to discrimination learning. 

In our investigation of this transfer 
problem, we administered discrimination 
sessions in the form of black- and white- 
runway trials, the sequences of which were 
unbiased in the sense that pattern-trained 
rats would not be expected to show spur- 
iously good or poor performance on them at 
the outset. The development of patterning 
in the prior gray-alley task was examined 
under conditions which controlled for pos- 
sible sources of nonconditioned patterning, 
such as the presence of food odors in the 
goal region on R trials alone (cf. Amsel, 
Hug, & Surridge, 1969) and differential 
odor trails left by rats after R and N trials 
(cf. Morrison & Ludvigson, 1970). Besides 
providing the main comparison of interest 
in the discrimination phase, the group 
receiving random 50% reinforcement in 
the gray runway served to provide appro- 
priate running orders for the control of 
odor trails in the prior phase and a means 
of evaluating the success of this and other 
Precautionary measures. 


ow 


METHOD 


Subjects.—The Ss were 16 naive male Holtzman 
rats approximately 120 days old at the start of the 
experiment. 

Apparatus.— Three straight runways were used. 
Each runway was 10.2 cm. wide and high, and 
included a 36.7-cm. start box, a 172.1-cm. alley, 
and a 34.8-cm. goal box. The runway used in the 
first phase of the experiment was painted gray 
throughout. The start and goal boxes were de- 
limited by ar Plexiglas doors, and the top of the 
entire runway was covered by clear Plexiglas. The 
start boxes of both runwa sed in the brightness- 
discrimination phase of the experiment were painted 
gray. The remainder of one of the runways was 
painted flat black, and the other runway was p: inted 
white. The start-box doors in both alleys were 
painted gray on the start-bo: e and the appro- 
priate alley color on the runway side. The goal-box 
doors and the runway tops were clear Plexiglas. 
Hunter photorelays and Standard Electric timers 
were used to measure start, run, and goal times. 
Start time was measured from the opening of the 
start-box door to Photobeam 1 located 15.2 cm. 
beyond the door. Run time was measured from 
Photobeam 1 to Photobeam 2 located 125.7 cm. 
further down the alley, and goal time was from 
Photobeam 2 to Photobeam 3, 58.4 cm. away and 
8.9 cm. from the end of the alley. A Plexiglas food 
cup, 2.54 cm. in diameter and 1.3 cm. deep, was 
placed behind a 2-cm.-high baffle at the end of the 
goal box. 

Procedurc.—The Ss were reduced to 82% of their 
ad-lib weight and maintained at this level by a 
controlled amount of feeding each day throughout 
the experiment. In the first of 2 pretraining days, 
Ss were allowed 5-min. exploration of the alley. 
On the second day, Ss were placed in the goal box 
with the retrace door closed and were allowed to eat 
20 45-mg. Noyes pellets from the food cup. The 
next 36 days constituted the patterning phase of the 
experiment. During this period, each S received 
three rewarded (R) and three nonrewarded (N) 
trials per day. The reward consisted of 10 45-mg. 
Noyes pelle Half of the Ss, the regular (REG) 
group, received the same alternating sequence, 
RNRNRN, every day. For the remaining Ss, the 
random (RAND) group, the following eight se- 
quences were randomly presented across : 
PANRERE oo » RNRRNN, RRNNRN, 

NNR, NNRNRR, NRNNRR, and NNRRNR. 
On N trials were confined to the goal region for 
45 see. On R trials, Ss were removed immediately 
after the reward was consumed. The intertrial 
interval (TD of approximately 16 min. was deter- 
mined by the time necessary for all of the Ss to 
complete a trial. The Ss from each group were 
alternated in the daily running sequence, so that 
the reinforcement conditions for any 5 in the running 
order were inconsistently related to the reinforce- 
ment conditions prevailing for the preceding S on 
any given trial. dn order to minimize extraneous 
cues associated with R and N trials, the area on the 
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PATTERN LEARNING PHASE 
30 


RANDOM 
= R REGULAR 


MEAN MEDIAN SPEED IN FT/SEC. 


2 16 20 24 28 32 36 
DAY 


Mean median speeds on rewarded (R) and nonrewarded (N) trials, 


Fic, 1, 


outside of the runway around the goal box was 
sprinkled with Noyes pellets and powder, and Æ 
went through the Same motions on both types of — vious reinforcement h 
trials, for half of the Ss in th DN 
On the day following completion of the Pattern- of the Ss in the REG Eroup. Daily running, 
learning phase, Ss Were shifted to the black and was the same 
white runways and given brightness-discrimination tion training 
training. The eight trial Magnitude, goal-box confin 


RRNNRN for all 16 
were counterbalanced 


ement, and I 


i Tn-learning phase. 
S phase. 
/ithin each of these Six-tria] sequences, jt should RESULTS 
e noted, there were two consecutive S+ trials and N 
two consecutive S_ trials. The tri 


al sequence used Patlern 


On the first day of discrimination training was 


"c 
n 
learning. — Mean erdt 
run, and goal speeds on R and 
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presented in Fig. 1. Itis clear that Group 
REG differentiated between R and N 
trials, whereas group RAND did not. The 
slower running on N trials by the regular 
group developed gradually and was even- 
tually evident in all three sections of the 
runway. Analysis of variance on the data 
from Days 31-36 provided statistical veri- 
fication of these effects. The N-trial speeds 
of Group REG were significantly lower 
than R-trial speeds and significantly lower 
than both R- and N-trial speeds of the 
RAND group: Schedule X Reward inter- 
action—start speed, F (1, 14) = 11.34; run 
speed, F (1, 14) = 60.32; goal speed, F (1, 
14) = 184.58; all ps < .01. 

The patterning behavior apparent in 
Fig. 1 did not develop uniformly within 
the daily sessions. Differential responding 
appeared initially in the first two trials of 
the daily session and was relatively re- 
tarded in the middle two trials of each 
session. These effects are clear in Fig. 2, 
which shows the run speeds of the REG 
group at five stages of acquisition. In this 
figure, the data are presented in terms of 
the first R and first N trial, etc. Statistical 
analyses of these data indicated the fol- 
lowing. The N-trial speeds were uniformly 
faster than R-trial speeds on Days 1 and 2, 
F (1, 7) = 9.25, p < .05; there were no 
significant differences on Days 8 and 9; on 
Days 17 and 18 the first N trial was slower 
than the first R trial, F (2,14) = 4.67, 
p < .05, but other pairs of R and N trials 
did not differ significantly by Fisher's /sd 
test with p = .05; on Days 26 and 27 both 
the first and third N trials were significantly 
slower than the first and third R trials 
and, in addition, the first N trial was 
significantly slower than all other trials, 
F (2,14) = 11.86, p < .01, followed by 
Fisher's /sd test; and finally, on Days 35 
and 36 N-trial speeds were uniformly slower 
than R-trial speeds, F (1, 7) = 35.26, 
p «.01. The acquisition data obtained 
with the start- and goal-speed measures 
were similar in form to the run-speed data. 

Brightness discrim ination.—The perform- 
ance of the two groups in the brightness- 
discrimination phase is presented in Fig. 3. 
It is clear that the group with a history of 
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trials at five stages of acquisition. 
to the first R and first N trial, etc. 
quence was always RNRNRN.) 


regularly alternating 50% reinforcement 
demonstrated considerably more differ- 
ential responding than the group with the 
random 50% reinforcement history. It is 
also evident that this greater discrimina- 
tion on the part of Group REG was due 
primarily to slower running in the S— alley. 
The differences were significant in all three 
sections of the runway : Schedule X Reward 
interaction—start speed, F (1, 12) = 30.50; 
run speed, F (1, 12) = 13.02; goal speed, 
F (1,12) = 11.79; all ps « .01. The dif- 
ference in S+ speeds in the goal section 
did not attain statistical significance by 
Fisher's /sd test (p = .05). 

Figure 4 presents the trial-by-trial mean 
run speeds of the two groups on the last 
session of the patterning phase and the 
first five sessions of the black-white dis- 
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of faster development of the eee 
by the REG group. Individual — 
smooth enough to determine e ee 
points after which S+ run Es es € 
ently exceeded S — run speeds. i, s oe 
over points occurred prior to T e 
the REG rats and three of the pem, 
a’. difference which is not statis 
significant. 


DISCUSSION 


imulus 
Pallerning.—]t is unlikely that Si smod] 
control apparent in Group REG wasi si food inj 
on ancillary stimuli such as odors tron e 
the goal region or residual cues left by 2 foo! 
in the running sequence. Stimuli e have 
in the goal region on R trials nate 
affected both groups equally, vet ning 
RAND showed no evidence of pia d 
even in the goal region. Du M: E. 
RAND and REG Ss in the daily pem 
quence meant that there Was no "€ p. 
relationship in the trial-reinforcemen an 


prevailing for any two PxemanipUs n, EM 
thus there was no possibility that any ee ict. 
stimuli left by one S could be used to p t 
reward by the next § in the scenes 
seems likely that the source of stimulus a 
trol for the REG group was the man in 
aftereffects of the reward conditions Rreg) 
on the previous trial. In Capaldi's sitio? 
terms, SË becomes associated with inn N 
because R trials are alwav followed na pit 
trials, and SN acquires instrumental owed 
strength because N trials are always fol wh 
by R trials. Thus, S should run slower P 
S' is the prevailing stimulus, that is, 

trials. 
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should develop at an equal rate at all positions 
in the trial sequence. However, the present 
data clearly show that the development of 
patterning behavior was quite different on 
Trial 2 from that on Trials 4 and 6. 

Our interpretation of these data is that the 
stimulus controlling behavior on Trial 2 was 
more distinctive than the stimuli controlling 
behavior on Trials 4 and 6. The distinctive- 
ness scale developed by Murdock (1960) seems 
to be relevant to these data. On Murdock's 
scale, the distinctiveness of any single stimulus 
from a series of stimuli is found by obtaining 
the sum of the log energy values by which that 
stimulus is separated from each other stimulus 
in the series. A percent distinctiveness value 
(D%) can then be obtained for each stimulus. 
This is done simply by taking the distinctive- 
ness value found for any one stimulus and 
forming a ratio with the sum of the distinctive- 
ness values found for all stimuli in the series. 
Murdock found that this scale accurately 
predicted errors in judgment among stimuli 
that differed in intensity levels and, more im- 
portantly for the present experiment, the scale 
was also found to be applicable to serial 
learning tasks, both human and animal. In 
order to apply the scale to serial learning 
phenomena, it is necessary to make two as- 
First one must assume that the 
a given stimulus item de- 
pends upon its position in the sequence and, 
second, one must assume that the ordinal 
continuum of the stimuli is logarithmic. Given 


sumptions. 
distinctiveness of 
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ds of the REG (upper panels) and RAND (lower 
arded (filled circles) and nonrewarded (open 
f the patterning phase (P-36) and the first 


(D-1 through D-5). 


these assumptions, Murdock found that D% 
accurately described the bowed serial position 
curve found in human rote learning as well as 
the error distribution in some rat maze learn- 
ing. The application of the D% scale to the 
present data requires the additional assump- 
tion that there is a stimulus value associated 
with the ordinal position of each trial in a 
sequence. With these assumptions, the D and 
D% values relevant for a 6-trial sequence 
were calculated as indicated by Murdock 
(1960, p. 17) and are presented in Table 1. 
The D values in the table were obtained in the 
following way. The log values corresponding 
to the position of each trial in the 6-trial se- 
quence were used to construct a 6 X 6 matrix. 
Entries above the principle diagonal were ob- 
tained by multiplying the log unit value of 
each column by 1, and entries below the 
principle diagonal were obtained by multiply- 
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al position D D% 
1 0000 | — 2.8574 272 
2 | 3010 1.6534 15.7 
3 ATH 1.3012 124 
1 .6021 | 1.3012 12.4 
5 .6990 | 1.4950 14.1 
6 .7782 | 1.9118 18.2 

Note = 10.5200, E = 
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ing the log unit value of each column by — f. 
The principle diagonal was obtained by multi- 
plying the log values of each column by the 
term — [s — (2i — 1)], where x equals 6 and 
i equals the number of the particular trial in the 
sequence 1 through 6. The D values for each 
row (see Table 1) were obtained by summing 
the cell entries across columns. The D% 
values for each trial were obtained from the 
ratio D/ED X100. The D% values show 
that the first trial of the day should be the 
most distinctive trial, the last trial the second 
psi distinctive, etc. 

"Th&e distinctiveness values are applicable 
to the patterning data in the following way. 
As discussed above, the stimulus controlling 
patterning behavior is presumed to be the 
aftereffect of the reward conditions prevailing 
on the previous trial in the sequence. There- 
fore, the effectiveness of the D% values should 
be delayed one trial. Applying the D% values 
to N-trial speeds, we see that the stimulus 
(S!) controlling running on Trial 2 (the first 
N trial) should be considerably more distinc- 
tive than the reward aftereffects controlling 
running on Trials 4 and 6. We also see from 
Table 1 that the aftereffect of the third R 
trial should be slightly more distinctive than 
the aftereffect of the second R trial. It is 
apparent from Fig. 2 that the development of 
differential running speeds was in agreement 
with what would be expected on the basis of 
Murdock's (1960) distinctiveness scale. Dif- 
ferential responding developed much earlier on 
Trial 2 than on Trials 4and 6. There was also 
a very slight tendency for the discrimination 
to develop more rapidly on Trial 6 than on 
Trial 4. 

These data support an interpretation of 
patterning behavior that is not consonant with 
Capaldi's (1967) assumption of high responsiv- 
ity for SF and SN. Instead, the aftereffects oc- 
curring later in the trial sequence appear to be 
less distinctive than those occurring earlier in 
the sequence. A reasonable hypothesis con- 
cerning the factors responsible for the differ- 
ential distinctiveness would seem to be the 

following. If the stimulus aftereffects of re- 

ward and nonreward are teated as memories 
and, like other memories, are subject to inter- 
ference (cf. Spear, 1967), then it is reasonable 
to assume that within-session proactive inter- 
ference should make the S®sand SNs later in the 
trial sequence less discriminable than those 
earlier in the sequence. For example, an § 
at the start of Trial 2 has had only one pre- 
vious trial that day, an R trial, and has only to 
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recall S® to demonstrate “appropria 
havior, whereas an S at the start of Trial 4 has 
had two previous R trials and one previous N 
trial and now must recall which type of trial 
came last. Mackintosh (1970) has recently 
found that proactive interference between R 
and N trials serves as a useful explanation for 
some of the effects of intertrial interval and 
trial sequence on the partial reinforcement 
extinction effect. 

Discrimination.—The black-white discrimi- 

nation data were well in line with expectations 
from Amsel's (1967) theorizing. According to 
this view, the large difference between the 
groups in speeds on S— trials would result from 
the (re — sp)-mediated transfer of both per- 
sistence in approach in the RAND group 
and avoidance or competing-response tenden- 
cies in the REG group. ‘Transfer of either 
type from the gray-runway situation would 
not be expected to exert appreciable influence 
in the black-white discrimination until de noto 
buildup of re occurred on the S— trials, to 
magnitudes approaching those in the latter 
part of the gray-runway task. icitation of 
weaker rps on the earliest S— trials of the 
discrimination would, in fact, be expected to 
produce a mild energizing of appro ch in 
both groups, as was the case on the ond 
day of the discrimination (sce Fig. 4, Session 
D-2; higher S— than S+ run speed was shown 
by 12 of the 16 rats on D-2). Thus, while the 
Amsel theory predicts a large difference in 
terminal S— speeds, it does not seem to predict 
any substantial difference between REG and 
RAND groups in rate of discrimination, which 
also accords with the present data. 

The trial-by-trial changes in speed at the 
outset of discrimination (Fig. 4) provided no 
evidence that response tendencies attached tO 
aftereffects of rewarded and nonrewarde 
trials (S* — avoidance, SN — approach) o 
the REG group carried over from the pattern- 
ing to the discrimination phase. After the 
initial decrements in speed (Trials 1 and ^ 
D-1) produced by the shift from gray to black 
and white alleys, the REG rats showed little 
tendency to inhibit responding on the secon 
of two consecutive S+ trials (e.g., Trial 2 of 
D-1, Trial 6 of D-2) or on S— trials following 
S+ trials (e.g., Trial 6 of D-1, Trial 3 of D-2) 
and the behavioral transitions of the tW? 
groups were nearly identical. This result 
might be interpreted as indicating that after- 
eireas included specific memories of the stimt- 
lus setting (gray, black, and white cues) as wel 
as traces of reward and nonreward (cf. Capaldi, 
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1967, p. 116) and that a large degree of general- 
ization decrement operated to remove carry- 
over of SN — approach or S®— avoidance 
tendencies from gray- to black- or white- 
alley trials. 

With greater emphasis on the inclusion of 

stimulus events above and beyond goal events 
in the total aftereffect of a trial, Capaldi's 
(1967) formulation becomes applicable to 
successive discrimination in a manner that is 
compatible with the main finding of this study, 
the superior black-white discrimination by the 
REG group. This application can proceed on 
the assumptions that aftereffects are largely 
nullified in their next-trial influence (but 
"placed into storage") whenever a transition 
in external cues (e.g., black to white) takes 
place in the trial schedule and that the after- 
effect (memory) of a given trial carries over 
instead to the next trial having the same 
external cue, the reappearance of this cue 
having the function of reinstatement or "re- 
trieval from storage." Thus, for example, in 
the trial sequence B—\W+W-+B-, the after- 
effect of the first trial (SN) does not carry over 
into the second trial because of the transition 
from black (B) to white (W), but does carry 
over to the fourth trial when the cue of the first 
trial (B) next reappears, SN being reinstated 
at the outset of the fourth trial. With this 
approach, the S— trials can be treated in isola- 
tion from the S+ trials, as if the former were 
an uninterrupted extinction series, and 
Capaldi's prediction regarding the effects of 
prior pattern-learning on black-white would 
parallel the simple extinction case, in agree- 
ment with Amsel's (1967) prediction and the 
present results. 
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SERIAL POSITION EFFECTS FOR REPEATED FREE RECALL: 
NEGATIVE RECENCY OR POSITIVE PRIMACY?! 


WAYNE H. BARTZ, MARION Q. LEWIS, 


Towa State Unive 


Repeated free recall was investigated in two experiments. 
lists of words were recalled immediately after presentation and 


one group of Ss recalled each list 
group recalled each list once at in 
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ity 


experiment, 
rain after all 


In each 


d been presented (a final free recall, FER). Lists were presented at two 
rates in Exp. | and FFR followed each of two blocks of 10 lists. 
rice at initial presentation and a second 
al recall. A third group recalled each list 
once but was informed in advance about the FFR. 


In Exp. I, 


Results showed that op- 


portunity for rehearsal (presentation rate) increased performance at initial 
recall and the FFR. Anticipation of a delayed (i.c., repeated) test of memory 
also increased. performance at the FFR, principally for words presented in 


carly serial positions. 
terminal serial positions. 


FFR serial position effects showed lc 


vest recall at 


This finding was interpreted as a positive effect of 


processing items in long-term memory (positive primacy) rather than a short- 


term memory effect (negative recency). 


Craik (1970) reported a "negative re- 
cency" effect for repeated free recall. llis 
Ss were presented a series of lists for free 
recall. After recall of the last list, Ss were 
required to recall words from all lists pre- 
sented, a final free recall (FFR). Serial 
position effects for the FFR showed a lower 
level of recall for recent items than for 
items presented in earlier serial positions. 
This negative recency finding was inter- 
preted as a short-term memory (STM) 
effect. That is, recent list items were coded 
in a temporary STM, and earlier items 
were processed into a more permanent, or 
long-term memory (LTM). Recent list 
items tended to be retrieved first in the 
initial recall, and Craik concluded that 
these items were less effectively encoded in 
LIM. However, Ss in the Craik study 
were tested in four separate experimental 
sessions, each requiring the recall of 10 
lists and an FFR. While Ss were unlikely 
to have anticipated the FER in the first 
session, it is likely that they anticipated it 
in the remaining sessions. "The present 
study investigates the possibility that an- 
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ticipation of the FER influences informa: 
tion-processing strategies. 

Cohen (1970) has also used the FER 
method but did not find marked negative 
recency effects; serial position effects 1n 
FER showed decreasing recall across input 
positions. Cohen suggested that this find- 
ing was due to the differential rehearsal of 
items; items in early input positions tend 
to be rehearsed to a greater extent than 
items in late input positions (Rundus N 
Atkinson, 1970). Even though there were 
repeated. FER tests in some of Cohen? 
experiments, the effects of repeated testing 
were not assessed. 

Experiment I presented two blocks of 10 
lists, each followed by an FFR. If anticipa* 
tion of the FER test influences S's in n 
mation-processing strategy, performane® 
should differ for the two FFR tests- 
addition, two presentation rates were used 
in order to provide different amounts Q 
time for rehearsal in STM (Cohen, 1970): 
It was expected that FFR performanc® 


: : A 1 
would be higher with slower presentati! 
rates, 


EXPERIMENT I 
Method 


ids "S A. in 
Subject.— The Ss were 15 volunteers enrolled ^ 
psychology courses at lowa State University: Fig 
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of the Ss received extra course credit for participa- 
tion and 7 were paid. 

Lists.—Twenty 15-word lists of Thorndike and 
Lorge A and AA words were presented on a Lafayette 
23017 memory drum. The lists were presented in 
two blocks of 10 lists each. Within each block, 
5 lists were presented at a 1-sec. rate, 5 at a 2 
rate. The order of the rates was random w 
each block. The recall interval 
followed each block of lists. There was no time limit 
on the FFR. 

Procedure.—The Ss were tested individually or in 
pairs. The were re-ordered for each S or pair of 
Ss. They recalled in writing, covering each word 
with a card as they wrote. A new page in the recall 
booklet was used for each list. The Ss were not 
informed in advance about the FFR that followed 
each block of 10 lists. 

Analysis.—Serial position effects were computed 
for initial recall (IFR) and FFR in each block of lists. 
For analysis, lists were divided into segments based 
on serial position (SP): first (SPs 1-5), middle (SPs 
6-10), and last (SPs 11-15). The number of words 
recalled at first recall and the FPR were analyzed 
bya2542 X2 X 3 X 15 (Blocks X Rates X Re- 
calls X Segments X Ss) analysis of variance. 


Results 


Because none of the interactions of Ss 
with other factors were significant (p < .05), 
these interactions were pooled and used as 
the denominator in the F tests. As in the 
Craik (1970) and Cohen (1970) studies of 
repeated free recall, performance was 
markedly higher at the IFR (41%) than 


FREE RECALL 11 


100 
SECOND BLOCK 


3 6 9  b& 
SERIAL POSITION 


Serial position etfects for Exp. 


at the FFR (15%), F (1, 322) = 469.43, 


p «.01. Recall “ce significantly for 
the list segments, (2, 322) = 42.31, 
p < .01; recall was jd for the middle 


segment (21%) than for the first and last 
(31% and 32%) segments, which did not 
differ. Performance for list segments was 
different at the IFR and the FER, F (2, 322) 
= 29.29, p < .01. Performance on the 
three segments at the FFR was about the 
same (19%, 14%, and 14% for first, 
middle, and last segments), but perform- 
ance at the IFR showed marked primacy 
and recency (42%, 28%, and 51%). 

Recall was higher in the second block 
(30%) than in the first block (26%), 
F (1, 322) = 12.48, p < .01. Recall was 
higher at the 2-sec. rate (33%) than at the 1- 
sec. rate (23%), F (1, 322) = 81.38, p « .01. 
The interaction of rate and list segments 
was significant, F (2, 322) = 2.73, p < .05. 
The percentages of correct recall for the 
three segments at the 2-sec. rate were 37, 
25, and 37 and 24, 17, and 28 at the 1-sec. 
rate. No other tests in the analysis of 
variance were significant. 

Serial position effects are shown in Fig. 1. 
The curves have been smoothed by averag- 
ing performance at each SP, except for 
the first and last, with performance at 
adjacent SPs. The significant effects de- 
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TABLE 1 


PROPORTION or TOTAL First-Biock [xtRUSIONS IN 
THE SECOND-BLOCK FINAL FREE RECALL 


List segment 


Present — = 
Rate | , 
First Middle | Last | Total 
1 sec. .125 137 .050 312 
2 sec. 358 .102 .228 .688 
Total 483 .239 -278 | 1.000 


| 


scribed above are obvious in Fig. 1. The 
FFR serial position curves showed nega- 
tive recency only in the second block of lists. 

The number of intrusions in IFR was 
approximately the same at the two blocks 
of lists and for the two rates. The intrusion 
rate was slightly less than one-half of a 
word per S per list. There was a markedly 
higher intrusion rate in the second-block 
FFR than in the first-block FFR. The 
rate of intrusions per S was 3.60 for the 
first block and 11.07 for the second. First- 
block intrusions were all extraexperimental, 
but in the second-block FFR 51% were 
words presented in the first block. Table 1 
shows the distribution of the experimental 
intrusions; two-thirds came from lists pre- 
sented at the slow rate and nearly half of 


them were words presented in the first list 
segment (SPs 1-5). 


Discussion 


The results of the present experiment will 
also be discussed within the context of Exp. IT. 
The greater recall at the slower presentation 
rate may be interpreted as a function of differ- 
ential rehearsal. The slower rate enabled more 
rehearsal, increasing item retrievability (Cohen, 
1970). The high rate of intrusions in the 
second-block FFR may have attenuated that 
performance, particularly for early serial posi- 
tions because most intrusions were from early 
SPs in first-block lists. There appeared to be 
some "learning to learn" in the experiment; 
performance was higher for the second block 
of lists. The general shape of the serial posi- 
tion curves also changed over blocks, showing 
greater primacy and recency in initial recall 
(IFR) and a higher level of performance 
(with negative recency) in the second block. 
Overall, the results suggest that learning to 
learn is principally a matter of developing 


more efficient L'TM encoding and retrieval 
strategies. On the other hand, the improve- 
ment over blocks may have been due to antici- 
pation of the FFR. That is, Ss could have 
expected the FFR in the second block, and 
this expectation may have influenced perfor- 
mance. This possibility was further investi- 
gated in Exp. II 


EXPERIMENT lI 


The results of Exp. I, including the in- 
trusion findings, suggest that anticipation 
of the FFR increases the recall of items 
from early serial positions. To investigate 
this possibility, two groups of Ss recalled 
10 lists and were then given an FFR test 
of memory. One of the groups was in- 
formed in advance that there would be an 
FFR test. This method avoids the prob- 
lem of intrusions in FFR, 

Lewis (1971) has also studied repeated 
free recall and interpreted the results, as 
did Craik (1970), in terms of coding in 
STM and LTM. Her Ss performed two 
immediately successive recalls of lists. 
Results showed first and second recalls 
nearly identical at early serial positions, 
but there was a sharp decline between 
recalls for recent items. There was no 
negative recency in the Lewis study. Craik's 
FFR, however, followed the presentation 
and recall of several lists; in the Lewis 
study, the second recall immediately fol- 
lowed the first (there was no FFR). 

Some investigators have found that test 
trials have the same effects as presentation 
(e.g., Lachman & Mistler, 1970). In the 
present experiment, a third group, as in the 
Lewis (1971) study, was required two im- 
mediately successive recalls of each list, 
and then an unanticipated FFR. If recall 
serves as a second presentation, then this 
group should show a higher level of recall 
at the FFR. It might also be predicted 
that this repeated recall manipulation 
would differentially affect items in early 
serial positions. This would follow from 
the assumption that items in early serial 
positions would be retrieved twice from 
LTM while late items would be recalled 
from STM at the first recall, from LTM at 
the second recall. 
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Subjects.—The Ss were 45 volunteers enrolled in 
psychology courses at Iowa State Uni sity. They 
received extra course credit for participation. 

Procedure.— Ten. 18-word lists of Thorndike and 
Lorge A and AA words were presented at a 2-sec. 
rate on a Lafayette 23017 memory drum. 

The Ss were gned to treatment groups in 
order of their appearance at the laboratory. The 
Ss in Groups 1-N and 2-N (no anticipation) were 
not informed in advance about the FFR. Group 1-A 
(anticipation) was told that there would be a “final 
exam" on all words presented. Group 1-N and 1-A 
e required to recall each list once; Group 2-N 
was required to recall each list twice, the second 
recall immediately following the first. The recall 
intervals were 30 sec. In all other respects, the 
procedure was identical to that for Exp. I. 

Analysis.—Serial position effects w 
for the recalls in each group. For analy: 
divided into segments based on seria : 
first (SPs 1-6), middle (SPs 7-12), and last (SPs 
13-18). The number of words recalled at first 
initial free recall (IFR-1) and the FFR were analyzed 
by means of a 3 X 3 X 2 (Groups X Segments XRe- 
calls) analysis of variance. Conditional probabilities 
for the FFR were also computed. 


position : 


Results 


Serial position effects are shown in Fig. 2; 
the curves for groups with one and two 
initial recalls are separated simply for 
purposes of clarity. The curves have been 
smoothed by averaging performance at 


GROUP 2-N 


9—o|IFR -1 


o—olFR-2 80 


e—oFFR 
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Serial position effects for Exp. 1H. 


each SP, except for the first and last, with 
performance at adjacent SPs. The curves 
for initial recall in Group 2-N replicate 
precisely the findings of Lewis (1971); 
IFR-2 is lower than IFR-1 only at recent 
serial positions. Negative recency is ap- 
parent in Groups 2-N and 1-A; the FFR 
curve for Group 1-N is relatively flat across 
all serial positions. In comparison with 
the curves for Exp. I (Fig. 1), Groups 1-A 
and 2-N show serial position curves similar 
to those for the second block; the Group 
1-N curve resembles the curve for the 
first block of lists in Exp. I. 

IFR-1 was greater than FFR, F (1, 42) 
=500.34, p < .01; percentages were 32% 
for IFR-1 and 15% for FFR. Segments 
differed, reflecting serial position effects 
shown in Fig. 1, F (2, 84) = 19.96, p < .01. 
Recall for first and last segments did not 
differ (25% and 27%), but recall for these 
segments was greater than that for the 
middle segment (19%). Recalls and seg- 
ments interacted, F (2, 84) = 55.70, 
p < .01, such that the last segment was 
higher than the middle at IFR-1 (recency 
peak), but the segments did not differ 
at FFR. 

Groups did not differ significantly in terms 
of overall recall (F <1), but there was 
a Groups X Recalls interaction, F (2, 42) 
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TABLE 2 
CONDITIONAL PROBABILITY OF FINAL FREE RECALL 
E BASED ON INITIAL RECALL 


Trem type 

Group Probability = 
| LTMe | STM 

| P(Crrns) 30 E! ! 

I-N P (Crrr) AS A 
| P(Cren/Crena) | 35 34 

| 

P (Cirr-i) H 44) 

iX | Piee | 3 | 
P (Crrn/Crera) E 29 
P(Cirn-) | 42 

? (Cyri) | 14 

2-N P (Crrr/Cirra) | 27 
P (Crrn.2) 31 
P(Crri/Crrn.s) | E 
FFR/CirR-i41FR-2) | 35 


^ Serial Positions 1-12. 
"Serial Positions 13-18, 


= 5.88, P «.05. At the initial recall, 
Group 1-A recalled fewer words (30%) than 
did Groups 1-N (34%) and 2-N (33%). 
Specifically, Fig. 2 shows that Group 1-A 
recalled fewer words from early SPs, At 
the final recall, Group 1-N recalled fewer 
words (12%) than did Groups 1-A (15%) 


and 2-N (17%). No other effects or inter- 
actions were significant. 


Because recall differed for the 
initial recall, forgetting scores (difference 
between IFR-1 and FFR) were analyzed 
by a 3 X 3 (Groups x Segments) analysis 
of variance. Groups differed significantly 
F (2, 42) = 4.74, p < .05. Tests among 
group means by the Newman-Keuls pro- 
cedure showed that forgetting was greater 


in Group 1-N (21%) than in Groups 1-A 
(15%) and 2-N (16%). Segments also 
differed, F (2, 84) 


groups at 


was more forgetting 
(28%) than for first and middle 
(9%) segments. The Groups x Segments 
interaction was marginally significant, F 
4, 84) = 1.39, P < 0. Groups did not 
differ in terms of forgetting at the last 
segment, and Group 1-N showed a higher 
level of forgetting than did the other g 
at first and middle segments, 

_ Probabilities and conditional probabili- 
ties of recall are giv 


zen in Table 2. 
ysis, words in SPs 1- 


(14%) 


roups 


For anal- 
12 (first and middle 


list segments in the preceding analyses) were 
termed LTM items, and words in SPs 13-18 
(last list segment) were termed STM items. 
As in Craik’s (1970) analysis of conditional 
probabilities, STM probabilities were lower 
than LTM probabilities in all „groups. 
The present conditional probabilities for 
LTM items show that the probability of 
correct recall at the FFR, given correct 
recall at IFR-1, was higher in Groups 
1-A and 2-N than in Group 1-N. The STM 
conditional probabilities based on IFR-1 
recall were approximately the same for all 
groups. However, the probability p 
rect recall, given correct recall at 1E R-2 
(in Group 2-N), was almost identical to 


the LTM conditional probability for Group 
I-N. 


Discussion 


The lack of negative recency Group 1-N 
does not replicate the Craik (1970) findings. 
It is likely that Ss in Group 1-N did not 
anticipate that items would have to be recalled 
more than once. However, Ss in Group 2-N 
Were aware that there would be a delayed 
(repeated) test of memory. These Ss, then, 
may have encoded items somewhat differently, 
enabling retrieval at a later time. This possi- 
bility may also bear on the Craik findings: 
That is, the negative recency reported by 
Craik may not have been so much a negative 
effect for recent items as a positive effect for 
early items. That is, in Group 2.N in the 
present experiment, the repeated recall of lists 
facilitated recall of carly items at the FFR. 
When Ss were explicitly informed that there 
would be an FFR (Group 1-A), final recall 
showed higher retention for items in early SPs: 
a positive primacy effect. 

The high FFR perform 
could be interpreted 
strength due to initi 


ance on Group 2-N 
as an increase in item 

al recall. This apparent 
increase in item strength as a function of two 
pat recalls is compatible with Lachman ana 
Mistler's (1970) observation that a recall of 
test trial has the same effect as a presentation- 
l'his increase in term strength, however, 
affected only LTM items; Groups 2-N and 
1-N differed only at early SPs, At late SPs 
these groups did not differ in FFR perfor- 
mance. However, the recall of late items in 
Group 2.N might be construed as ome recall 
from LTM. That is, the first recall might 
represent STM and the second recall a re- 
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trieval from LTM. If this were the case, 
late-item performance in Group 2-N should be 
equivalent to the LTM performance of Group 
1-N, which had one retrieval from LTM. The 
conditional probabilities tend to support this 
interpretation. The LTM (early-item) condi- 
tional probability on FFR was .50 for Group 
2-N, which recalled each list twice; the LTM 
conditional probability was only .35 for Group 
1-N, which recalled each list once before the 
FFR test. A different pattern was observed 
for STM (recent items). The FFR condi- 
tional probabilities for the two immediate 
recalls of Group 2-N were .27 for IFR-1 and 
.35 for IFR-2. That is, the conditional proba- 
bility for IFR-1 was similar to that for other 
groups (Group 1-N, .24 and Group 1-A, .29). 
The higher conditional probability for STM 
(recent items) at IFR-2 was the same as the 
LTM conditional probability of Group 1-N. 
The present findings offer only equivocal 
support for this interpretation. lf the second 
recall in Group 2-N represents retrieval 
from LTM, there should be a higher level 
of performance at the FFR for these 
items due to their increased item strength. 
However, late-item (STM) FFR performance 
and forgetting level for this group did not 
differ from the other groups. Alternatively, 
the finding of no differences among groups for 
recent items may be considered an STM effect 
(Atkinson & Shiffrin, 1968; Cohen, 1970). 
Items presented in late SPs cannot be encoded 
in L'TM because the rehearsal and encoding 
is interrupted by recall. The interpretation 
of increased item strength due to initial recall 
is also not supported in that Group 1-A, which 
recalled each list but once, showed an LTM 
conditional probability on FFR, which was 
the same as that for Group 2-N. E 
Results of Exp. II suggest that the anticipa- 
lion of a later recall affects the nature of en- 
coding an item in memory, enabling retrieval 
at a later time. Group 1-A was explicitly 
informed at the beginning of the experiment 
that there would be an FFR, and the perfor- 
mance of these Ss differed from that of the 
Ss in the other groups. Primacy was lower in 
initial recall (Fig. 2), perhaps because Ss 
attempted to encode additional long-term 
retrieval cues for items, requiring more pro- 
cessing attention per item and reducing the 
number of items that could be processed. 
This group of Ss showed the least forgetting 
between initial and final recall. The general 
shape of the serial position curve for Group 
1-A was quite similar to the second-block curve 


in Exp. I. In contrast, the curve for Group 
1-N was similar in shape (lower primacy and 
recency effects) to the curve for the first block 
of lists in Exp. I. 

It was suggested earlier that the difference 
in the shape of the curves of Exp. I was due 
to more efficient strategies of L'TM encoding 
and retrieval. The results of Exp. II indicate 
that the improvement over blocks and the 
shape of the serial position curves in Exp. 1 
reflect effects of anticipation of the FFR. 1n 
other words, the results of Groups 1-A and 
1-N, in which the FFR was and was not ex- 
pected, replicate the findings for blocks in 
Exp. I. 

The LTM conditional probability for Groups 
1-A and 2-N (Table 2) were approximately 
equal and were higher than the LTM probabil- 
ity for Group 1-N. The higher LTM condi- 
tional probability may be attributed to S's 
anticipation of a later recall test. Group 1-A 
was informed about the FFR and Group 2-N 
was instructed that each list would have to 
be recalled twice. Although Group 2-N was 
not informed about the FFR, these Ss did 
know that a delayed (30-sec.) test of memory 
was required. The FFR serial position effects 
showed positive primacy in Groups 1-A and 
2-N, the groups instructed that a later recall 
of items would be required. 

The effect of anticipation on FFR perfor- 
mance was specific to items presented in first 
and middle serial positions. According to 
several models of memory (e.g., Atkinson & 
Shiffrin, 1968), such items could be processed 
into an LTM. In contrast, items at the end 
of the list, which were not affected by advance 
knowledge in the present experiments, could 
be processed only into an STM characterized 
by limited capacity and rapid decay. The 
results of the present study are consistent 
with this interpretation, which has been em- 
ployed by other investigators of repeated free 
recall (Cohen, 1970; Craik, 1970; Lewis, 1971). 

Present results indicate that LTM items are 
influenced by the opportunity for rehearsal 
(i.e., presentation rate) and anticipation of a 
later memory test. Taken together, the results 
of the present experiments indicate that 
knowing in advance about a delayed test of 
memory, even a test delayed just 30 sec., brings 
about changes in memory processing that are 
not observed when this knowledge is absent. 
Thus the negative recency reported by Craik 
may have been in actuality more of a “positive 
primacy” effect because anticipation of the 
FFR was not controlled. 
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RETENTION INTERVAL HYPOTHESIS AND EVIDENCE 


FOR ITS BASIC ASSUMPTIONS ! 


CHIZUKO IZAWA ? 


State University of New York at Buffalo 


A new hypothesis is proposed to account for both superior and equal perform- 
ances under the study-test (RT) method as compared with the anticipation 
method; up to now comparisons have been equivocal. The retention interval 
hypothesis, based on statistical processes of retention (R-T) interval distribu- 
tions, assumes no differential acquisition processes but different retention 
processes between the methods, derived from temporal analyses of R (rein- 
forcement)-R, T (test)- T, T-R, and R-T intervals defined in terms of individual 
items in paired ciate and verbal discrimination learning. Short-term re- 
tention losses occurring in R-T intervals in acquisition significantly controlled 
performance levels. Given the same mean R-T interva , performances were 
the same in both short-term (Exp. 1) and long-term (Exp. II) retention. In 
contrast, effects of feedback delay and task alternations were negligible. The 
results. provided substantial support for the hypothesis and its basic 


assumptions. 


In verbal learning, the anticipation 
method has often been compared with 
the study-test (reinforcement-test, RT) 
method. Yet, results were generally re- 
garded as ambiguous or inconsistent, since 
there are reports claiming both superiority 
of RT over anticipation (eg., Battig & 
Brackett, 1961; Cavanaugh & Parkman, 
1971; Cofer, Diamond, Olsen, Stein, & 
Walker, 1967, Exp. I-II; Goss & Nodine, 
1965, Exp. IX) and no differences (e.g., 
Bruder, 1969; Cofer et al., 1967, Exp. III— 
VI; Goss & Nodine, 1965, Exp. VII-VIII, 
X-XI; Lockhead, 1962). Both empirical 
and theoretical inconclusiveness might have 
come from the fact that previously the 
emphasis was upon the acquisition phase: 
Which method produces better learning? 
An alternative approach was taken here 

1 The present study was supported in part by 
Grants 050-7146-B and -C and 050-89604 of the 
State University of New York Research Foundation 
under a National Institutes of Health institutional 
research grant. Portions of the research were pre- 
sented at the eleventh meeting of the Psychonomic 
Society in St. Louis, November 1971, and at the 
'Twentieth International Congress of Psychology in 
Tokyo, August 1972. The author is grateful to D. 
D. Wickens, N. J. Slamecka, and B. R. Bugelski for 
their encouragement and to Christine Phytel (Exp. 
I) and Fred Sacks (Exp. II) for their competent 

a S. 
"Baume De reprints should be sent to Chizuko 
Izawa, who is now at the Department of Psychology, 
Tulane University, New Orleans, Louisiana 70118. 
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with the primary focus on the retention 
phase. What is acquired on an R trial 
(reinforcement, a presentation of both stim- 
ulus and response terms of a pair) must be 
retained at least until its subsequent T trial 
(test, a presentation of the stimulus term 
alone). Hence, retention processes, as well 
as acquisition processes, may control per- 
formance differences. 

To investigate this possibility in paired- 
associate learning (PAL), procedural differ- 
ences were examined in terms of time inter- 
vals based on individual items by specifying 
their presentation histories. Since an item 
is shown as either an R or a T on each trial, 
four exhaustive parameters result: R-R 
(inter-R-trial), T-T (inter-T-trial), T-R 
(feedback), and R-T (retention) intervals. 
The length of each may be determined by 
the number of its intervening events (both 
Rs and Ts) in an a-pair list, as exposure 
rates and intercycle intervals are, respec- 
tively, held constant under both anticipa- 
tion and RT methods. The mean inter- 
vening Rs and Ts are the same, one half 
each for each time interval. 

The R-R interval, the period from an R 
to the next R for the same item, directly 
controls acquisition based on R-spacing 
effects. With a random presentation, the 
distributions of  R-R intervals under 
anticipation range from 1 to 4n— 3 
intervening events with the mean of 25 — 1 E 
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Number of intervening events between an R and its subsequent T 

Fic. 1. Theoretical distribution curves of n 
individual retention (R-T) intervals within the list 
presented in a random order under both anticipation 
and RT (study-test) methods. 


whereas under RT, they range from 1 to 
3n — 2 with the mean of 2» — 1. 'The 
same boundaries and means hold, respec- 
tively, for T-T intervals. The facts suggest 
that, on the average, basic acquisition 
(R-R) and recalling task (T-T) processes 
may not differ between the methods. A 
frequently noted factor is the feedback 
interval, which is always 0 under anticipa- 
tion and varies from 0 to 2n — 2 with a 
mean of n — 1 events under RT. If feed- 
back delay were really detrimental, the RT 
method should be inferior, which has not 
been borne out, however. 

A critical difference between the two 
methods was uncovered to be the retention 
(R-T) interval, the period between an R and 
its subsequent T. Under anticipation the 
shortest R-T interval occurs when a given 
item is presented last on one anticipation 
cycle (one run-through of the items) and 
first on the next, with 0 intervening event 
The longest one occurs when an item is 
first on one cycle and last on the next 
with 4n — 4 events. The other cases vary 
somewhere between these two boundaries 
with a mean of 2n — 2. A similar analysis 
shows the retention intervals under RT 
vary from 0 to 2n — 2 with the mean of 
n— 1 events. The mean absolute R-T 
intervals for anticipation and RT may be 
expressed, respectively, as: 2(n — 1)d + 
(intercycle interval) and (n — 1)d + (in- 


tercycle interval). Both d (exposure dura 
tion) and intercycle intervals are, respec- 
tively, identical under both methods. 
Thus, the crucial difference boils down to 
different numbers of intervening events in 
R-T intervals: anticipation suffering from 
twice as many intervening events as RT. 
the difference being as large as "n — 1 
intervening events. 

The longer R-T interval filled with in- 
terference producing events may consti- 
tute a critical disadvantage for anticipa- 
tion, allowing more short-term losses than 
RT. This position is abundantly supported 
in data (e.g., Izawa, 1967; Murdock, 1961; 
Runquist, 1965; Tulving & Arbuckle, 1963). 
Accordingly, the retention interval hypo- 
thesis is proposed to account for procedural 
differences in PAL: Other things equal, the 
RT method with the shorter mean retention 
interval with fewer intervening events should 
produce relatively betler performance in at- 
quisition than the anticipation method wilh 


the longer interval having more intervening 
events. 


To elaborate the hypothesis further, the 
distributions of n R-T intervals under a 
random item presentation are specified. 
Their curves as a function of intervening 
events are triangular as shown in Fig. 
for both methods. ‘The closer an item is 
to the zero point, the less the short-term 
forgetting, thus the better the perform- 
ance: The relative advantage of RT over 
anticipation is evident. However, it js © 
supreme importance to note the relatively 
large overlapping area under both curves 
indicating the existence of some probability 
that the two methods may produce identica 
performances. "Therefore, the retention 
interval hypothesis can predict both super 
ority and equality of the RT method 1” 
contrast to the anticipation method. 
Hence, the results, previously interprete 
as contradictory or inconsistent, may now 
be logically explained in the light of th' 
hypothesis. : 

Sites: Mies titio the m e 
uel | RR holds, equally hee TOT 
Mes ly (R-R, T-T, PR, and Ret 

and empirically in verbal dis 


Yo 
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crimination learning (VDL), constant pre- 
sentation orders, mixed lists, part-whole 
presentations, and backward association 
learning. However, when the core time 
relations specified for the hypothesis do not 
hold, neither does the hypothesis: The 
outside domain includes probability and 
serial learning—the former due to different 
natures of tasks under the methods and the 
latter due to deviant temporal relationships. 

Two experiments were conducted here 
to test some of the basic assumptions of the 
hypothesis applicable to various PAL and 
VDL situations. 


EXPERIMENT I 


Major theoretical positions taken pre- 
viously were based on feedback delay and 
task alternations. Experiment l (four 
conditions) was designed to investigate 
effects of retention intervals of the present 
hypothesis as compared with those of 
critical factors of the alternative positions. 

From temporal analyses above, despite 
identical mean R- and ‘T-spacing effects, 
RT and anticipation methods differ sharply 
in feedback (T-R) and retention (R-T) 


R: Ti 


Cond. 1: 
Cond. 2: 


In Cond. 1, the pairs of Part Y were shown always 
during the first half on all R cycles and during the 
last half on all T cycles: Their R-T intervals were 
distributed from » to 2» — 2 with a mean of 3n/2 
— 1 events; whereas T-R intervals were from 0 to 
n — 2 with a mean of 1/2 — 1. The Part X items 
resulted in the opposite relationships: a mean R-T 
interval of 5/2 — 1 and a mean T-R interval of 
3n/2 — 1. Thus, Cond. 1 provided short feedback 
and long retention intervals for Part Y, and long 


Anticipation Cycles: 
(Preceding Rs) 


Cond. 3: XY x ¥ 
Cond. 4: S yY Y 

In Cond. 3, in addition to the same mean R-R and 

T-T intervals, R-T intervals were the same for both 

X and Y, ranging from » to 3n — 4 with a mean of 

Ža = £. 

In manipulating diferent R-T intervals under 
anticipation, it is impossible to create uniformly long 
or short mean intervals through all acquisition 
Nonetheless, Cond. 4 was developed to allow 
ariations: R-Ts for Part X were long from 
. 9 to 10; and 


stages. 
orderly v 
Anticipation Cycle 1 to2, 3t0 4. . . 


intervals. Their effects may produce 
opposite outcomes: From feedback, antici- 
pation with no delay should be superior to 
RT with the mean delay of z — 1 events. 
From the present hypothesis, however, RT 
with the shorter mean R-T interval (z — 1) 
is expected to perform better than anticipa- 
tion with the longer one (27 — 2). To 
determine which factor controls PAL more 
predominantly, a situation was set up 
within a list design in such a way that pre- 
dictions could be made in one direction 
from the feedback position and in the other 
from the retention interval hypothesis.’ 


Method.—4A list of 20 CVC two-digit pairs taken 
from Izawa (1967) was divided into two equally 
difficult sublists, X and Y, of 10 pairs each. They 
were learned by 48 psychology students at State 
University of New York at Buffalo, 12 in each con- 
dition igned according to the order of their 
appearance. Exposures of each R and T were 3 sec. 
under both methods with 3-sec. intercycle intervals. 
The 10 items within each sublist were randomized 
from cycle to cycle. 

Under the RT method, Cond. 1 and 2 were 
designed holding both mean R-R and T-T intervals 
constant for both sub but varying their mean 
retention and feedback intervals simultaneously by 
locating X and Y as follows: 


Riv Tw 
XN 

X ow. 
T-R and short R-T for Part X, contrasting both 
factors within the RT method. 

To verify the hypothesis differently, each sublist 
in Cond. 2 was arranged so that each had the same 
R-T interval, ranging from /2 to 32/2 — 2 with 
a mean of # — 1, predicting the same performance 
for both Parts X and Y. 

Under the anticipation method, feedback intervals 
cannot be varied but retention intervals can be, as 
done for Cond. 3 and 4: 
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* The exact R-T intervals could easily be achieved 
for selected items only by dummies as done in short- 
term memory designs. However, the current aim is 
to understand differential performance between 
anticipation and RT under traditional list designs 
considering all items without interference from 
external items. Therefore, the required manipula- 
tions were achieved within the same traditional 
framework. 
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FIG. 2. 
preceding each test (T). 


short from Cycle 2 to 3, 4 t05,. . . , 10 to 11. The 
reverse held for Part Y : R-Ts were short from each 
odd-numbered cycle to the next, and long from each 
even cycle to the next. The short R-T intervals 
distributed from 0 to 2» — 4 with a mean of n — 2 
events, and the long ones from 2z to 4n — 4 with 
a mean of 3n — 2. The T-R intervals for both X 
and Y were identical. No Ss in Exp. I detected 
presentation structures. 


Results and discussion.—The left panel 
of Fig. 2 gives data of Parts X and Y in 
Cond. 1 (RT) with respect to probability 
of incorrect responses as a function of the 
number of R trials experienced prior to a 
given test. Differences in total errors/S 
between sublists were large: £(11) = 2.203, 
p < .05. Significant superiority of Part X 
with shorter R-T intervals (1/2 — 1) over 
Part Y with longer ones (32/2 — 1) pro- 
vided support for the retention interval 
hypothesis. Evidently, the counteracting 
effects of feedback delay (T-R), if any, 
were overpowered by the effects of R-T 
intervals. 


Performances of Sublists X and Y in Cond. 1 (experimental) and 2 (control) 
under the RT method in Exp. I, as a function of the number of reinforcements (Rs) 
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When R-T intervals were equated as in 
Cond. 2 (RT), both X and Y produced 
the same performances (Fig. 2, right) in 
the direction predicted from the hypo- 
thesis. Although the identity could also 
be expected from the feedback delay, its 
effects might be minor as seen in Cond. 1. 
When the two RT conditions were cont 
pared, nearly all points of Cond. 2 (» — 1 
R-T events) fell between the Cond. 1 curves 
in agreement with the hypothesis: above x 
(shorter, 1/2 — 1) and below Y (longen 
3n/2 — 1). 

Data in Cond. 3 were very similar t? 
those in Cond. 2. Here also, under antici- 
pation when R-T intervals were the same 
no differences were observed between Part? 
X and Y, thus supporting the hypothesis: 

If, in Cond. 4, feedback interval (alway* 
0) had been a controlling factor, no differ- 
ences should have occurred either betwee” 
Parts X and Y or between adjacent cycles 
within each half list. None of these expe 
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tations, however, was borne out, since 
significant differences resulted in relevant 
comparisons. Thus, the feedback delay did 
not seem to produce effects of appreciable 
magnitude under the anticipation method 
either. In contrast, if the retention inter- 
val hypothesis is correct, the following 
specific predictions can be made and tested 
(Fig. 3): 

1. In accordance with alternate short 
and long R-T intervals, the X curve should 
show steeper progress from every odd- 
numbered R (even-numbered anticipation 
cycle) to the next with a mean of n — 2 
events (short) and slower progress from 
each even R to the next with a mean of 
3n — 2 (long). Similarly, faster and slower 
progress should alternate, starting from the 
slower one (R;) for Part Y. These theo- 
retical predictions were fairly well borne 
out as seen in Fig. 3. Cycles with longer 
R-T's (dotted lines) were inferior despite 
their counteracting advantageous R-R and 
T-T intervals (Izawa, 1971a, 1971b); 
whereas those with shorter R-Ts were 
superior despite their disadvantageous R-R 
and T-T intervals. At times short-term 
losses overpowered the gain in acquisition. 
Differences between short and long R-Ts 
were substantial: 4(11) = 2.54, p < .05 for 
X; and /(11) = 1.97, .05 < p < .10 for Y. 

2. Since faster and slower progress rates 
for each sublist came alternately on differ- 
ent cycles, it is predicted that differences 
between Parts X and Y within the same 
cycle should be small following each odd- 
numbered R, but large following every 
even R. The prediction was strongly sup- 
ported. Differences between the odd and 
even cycles were highly significant: ¢(11) 
= 6.20, p « .001. 

Conditions 1 (RT) and 4 (anticipation) 
were manipulated with an additional pur- 
pose. Another explanation often noted is 
the effect of task alternation, stating that 
anticipation where R and T alternate con- 
stantly should be inferior to RT where R 
and T tasks are separated on independent 
cycles. Since Sublists X and Y were ad- 
ministered within the same procedure, 
alternation effects were necessarily identical 
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Fic. 3. Performances of Sublists X and Y in 
Cond. 4 (experimental) under the anticipation 
method in Exp. I. (The long R-T intervals are 
shown in dotted lines, and the shorter ones in solid 
lines.) 


fore, the position with no specification of 
R-T intervals cannot predict differential 
performance between the sublists. Never- 
theless, significant differences did occur in 
both cases, indicating that effects of task 
alternations may not be as influential as 
those of R-T intervals. Another evidence 
of this weakness was reported in Cofer 
et al. (1967, Exp. VI) where no improve- 
ment was rendered even when task alter- 
nation frequencies were reduced into a half. 
A further difficulty: The task alternation 
position may handle the superiority of RT, 
but it cannot accommodate the equality of 
the two methods, which is also reported in 
the literature. 

To facilitate further theoretical con- 
siderations, Parts X and Y were combined 
for each condition in Fig. 4. For both 
controls, Cond. 2 (RT) and 3 (anticipa- 
tion), the combined curves were practically 
identical to the separate ones as Parts X 


for both X and Y in each condition. There- ,and-Y..--Phis was-expected Tronr-the^hypo- 
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Performance curves when both Sublists 
were combined (X + Y = n, the whole 
conditions in Exp. I. 


thesis: Each mean R-T interval for the 
combined curves was identical to that for 
each sublist: n — 1 events for RT and 
2n — 2 for anticipation. For experimental 
groups, when significantly different X and 
Y under RT (Cond. 1) were combined, the 
resultant curve did not differ from its 
combined control. Similarly, complex but 
orderly differences between the sublists 
under anticipation (Cond. 4) disappeared 
when both were summed, revealing no 
differences from its control. The identity 
between the combined experimental and 
control curves within each method is also 
in agreement with the hypothesis: The 
mean R-T intervals of X + Y curves of 
both experimental and control groups were 
identical under each method. 

Since no difference existed between either 


* This state of affairs may depict the fact that some 
aspects of the processes may never be detected when 
the mean performances of the entire list are the sole 
reference point of theoretical and empirical consider- 
ations. Here is another reason why analyses in 
terms of individual items, as performed in the present 
hypothesis, may have significance. 


two RT or two anticipation conditions, the 
two respective conditions were further 
combined and procedural differences were 
tested. RT with a shorter mean retention 
interval (1 — 1) significantly excelled an- 
ticipation with a longer one (2n — 2): 
1(46) = 3.09, p < .01, in support of the 
retention interval hypothesis. 

Thus, whereas effects of feedback and 
task alternations were negligible, Exp. I 
results demonstrated that the R-T in- 
terval in acquisition seems to be a major 
determinant of performance differentials, 
if any, under both anticipation and RT 
methods, supporting the hypothesis. 


EXPERIMENT IL 


'There is both theoretical and empirical 
evidence that major differences between 
anticipation and RT methods may arise 
from short-term losses in R-T intervals 
but not from acquisition processes per se. 
To pursue this further in Exp. Il, after 
acquisition was completed, for both methods 
retention was measured for the same re- 
tention period which was much longer 
than usual acquisition R-T intervals. 


Method.—Ywo lists of 12 CVC-CVC inter- 
mediately difficult pairs were learned at a 2-sec. 
rate with 2-sec. intercycle intervals under anticipa- 
tion (Cond. 1 & 3) and RT (Cond. 2 & 4) with 10 
State University of New York at Buffalo Ss in each 
condition, the total being 40. ‘To equate the total 
Rs for both methods, Ts only were given for the 
final anticipation cycle by replacing all Rs by their 
Ts (dummies), thus producing the same R-T 
intervals on the last cycle as on all others for the 
valid Ts. Although anticipation had two successive 
Ts after Rio, whereas RT had one T, it was unlikely 
that this treatment distorted data, since an addi- 
tional T not followed by an R produced no significant 
effects on subsequent performance (Izawa, 1968, 
Cond. RT vs. RTT). After acquisition, a 15-m- 
ability test (neutral to PAL) was interpolated, 
followed by two retention Ts, The 15-min. (900 
sec.) retention period was quite long as comparet 
with mean acquisition R-T intervals (24 sec. for 
and 48 sec. for anticipation).* 


Results und discussion.—bData for Lists 
1 (left) and 2 (right) are shown in Fig. 9 


5 [n a strict sense, the mean intervals between p 
last R and the first retention T were 924 sec. Un 
RT and 948 sec. under anticipation. However i 
difference of 24 sec. here can be regarded as negligiP E 
in long-term memory. 
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and Cond. 3 and 4 (right, List 2) in 


In both cases, the hypothesis was supported 
since acquisition performances were signifi- 
cantly better for RT than anticipation 
(p < .025). After the interpolated task, 
however, an entirely different picture 
emerged: The large differences during 
acquisition virtually disappeared. Given 
approximately the same retention intervals, 
no differences resulted between the two 
methods in long-term memory. 

To explain these results, it is unconvinc- 
ing to appeal to differential rehearsal during 
15 min., since the majority of Ss reported 
being "too busy" with the ability test 
“to worry about anything else” regardless 
of the conditions. Another possible inter- 
pretation might be: Learning was greater 
but retention was poorer under RT, and 
the reverse held for anticipation. Such a 
position must assume the following simul- 
taneously: (a) two acquisition processes, 
the better one for RT and the poorer one 
for anticipation, and (b) two opposing re- 
tention processes within each method. Re- 
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tention during acquisition (short-term) is 
better but suddenly changes to poorer dur- 
ing the retention period (long-term) only 
after a 15-min. neutral task for RT, whereas 
the reverse holds for anticipation. Both 
assumptions have difficulties: (a) It is 
incorrect to assume different acquisition 
processes, since both methods have been 
reported to produce equal learning. (b) 
It is difficult to build a logical theory which 
encompasses opposite processes between 
Short- and long-term memories: When 
short-term memory is poor to begin with, 
as under anticipation, it is hard to assert 
that its long-term memory is better none- 
theless, since abundant evidence indicates 
that short- and long-term memories are cor- 
related. Further, this position requires 
theoretical mechanisms dealing with a com- 
plete shift during a 15-min. interval for 
both methods, which may be difficult to 


maintain. 
In contrast, the present hypothesis re- 
quires only one concept of retention losses 
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based on different retention intervals and 
can parsimoniously and logically explain 
major aspects of seemingly complex data: 
Given different R-T intervals as in present 
acquisition tests, the two methods pro- 
duced significantly different performances. 
However, given approximately the same 
R-T intervals as in retention tests, the 
methods produced the same performances. 
These results are consistent with those in 
Cond. 2 and 3 in Exp. I where identical 
acquisition performances were obtained, 
provided there were identical mean R-T 
intervals. That is, both methods produced 
the same results, given the same retention 
intervals not only in short-term (acquisition 
period) but also in long-term (retention 
period) memory. 

Over a 15-min. retention period forget- 
ting was limited to RT, with no changes 
observed for anticipation (Fig. 5). Ap- 
parently short-term losses following each 
R occur fairly rapidly prior to the time 
2(n — 1)d + (intercycle interval), as in 
the last anticipation acquisition T, cf. 
(n — 1)d + (intercycle interval) under 
RT, and reach an asymptote soon there- 
after, producing no further losses. 

Findings in both Exp. I and II confirmed 
theoretical deductions from the hypothesis 
based on temporal parameter analyses: 
Both anticipation and RT have the same 
mean inter-R-trial (R-R) intervals which 
control major acquisition processes, Sug- 
gesting similar acquisition for both. Yet 
the methods sharply differ in retention 
(R-T) intervals which control major re- 
tention processes, suggesting different re- 
tention processes. Both deductions were 
empirically verified, supporting the basic 
assumptions underlying the 
hypothesis. 

Thus, the function of retention intervals 
suggests itself as a major factor, both 
theoretically and empirically, for differ- 
entiating anticipation and RT (study-test) 


proposed 


methods. ‘The retention interval hypo- 
thesis logically explains the procedural 
differences in performance previously in- 
terpreted as inconsistent, ambiguous, and 
puzzling by encompassing both identity 
and superiority of RT over anticipation in 
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ORIENTATION ILLUSION AND MASKING IN CENTRAL 


AND PERIPHERAL VISION? 


RAY OVER; JACK BROERSE, axb BORIS CRASSINI 


University of Queensland, St. Lucia, Brisbane, Queensland, Australia 


A vertical line appears tilted when viewed following inspection of tilted lines 
(aftereffect) or against a background of tilted lines (illusion). In Exp. I the 
illusion obtained, as the orientation of the inducing lines was varied, differed 
between central and peripheral vision. Related differences have earlier been 
reported for the tilt aftereffect, and were interpreted as indicating that orienta- 
tion-selective cells in the human visual tem are more broadly tuned in 
peripheral than central vision. This possibility was examined in Exp. II by 
use of a contour masking paradigm. The detectability of a vertical line varied 
with the orientation of a grating exposed immediately before the line, but 
contrary to expectations, masking (threshold elevation) was obtained over a 
wider range of orientation values in central than peripheral vision. No 
evidence was obtained that perceptual facilitation (improved detection of the 
line following exposure to the grating) can occur in central vision in addition 
to masking. The present results question whether aftereffect, illusion, and 
masking paradigms are equally effective in obtaining information about the 


tuning characteristics of feature analyzers in the human visual system, 


A vertical test line looks slightly tilted 
immediately after inspection of tilted lines 
(aftereffect) or when viewed against a 
background of tilted lines (illusion). In 
central vision the vertical line appears 
tilted clockwise following inspection of 
lines tilted less than 45? in the counter- 
clockwise direction from vertical (angular 
repulsion). Angularattraction occurs when 
the difference in tilt between the inspec- 
tion and test contours is greater than 45° 
(Gibson & Radner, 1937). In peripheral 
vision, angular repulsion is found at every 
tilt value of the inspection figure to 909 
(Muir & Over, 1970). 

Recent explanations of tilt aftereffects 
(Coltheart, 1971; Day, 1969; Over, 1971) 
have attributed angular distortion found 
when one line is viewed following inspec- 
tion of another line to inhibitory interac- 
tion between neural analyzers which signal 
the orientation of each line. Over has 
suggested that the difference in angular 
function between visual tilt aftereffect in 


1 This research was supported by a grant to the 
first author from the Australian Research Grants 
Committee. Thanks are due to Ann-Marie Parker 
for assistance in running the first experiment. : 
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Over, Department of Psychology, University o! 
Queensland, St. Lucia, Brisbane, Queensland, 
Australia 4067. 
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central and peripheral vision reflects dif- 
ferences in the breadth of tuning of tilt 
analyzers at the two retinal locations. He 
proposed that in central vision each 
analyzer is maximally excited at a specific 
contour orientation, less excited as the 
line's tilt is varied over 30? or so, and silent 
(relative to the unit's activity during 
homogeneous stimulation) when the stim- 
ulating line is displayed at, or nearly at, 
right angles to the preferred direction. In 
these terms angular repulsion occurs be- 
cause cells tuned to both the test and in- 
spection orientations are suppressed when 
the inspection figure is replaced by the test 
figure. Angular attraction is attributed to 
postexcitatory facilitation, with cells silent 
during inspection being overexcited rather 
than suppressed when the test line is 
introduced. In explaining the absence of 
angular attraction in peripheral vision as 
well as the extensive angular range over 
which repulsion occurs, Muir and Over 
(1970) and Over proposed that orientation 
analyzers in peripheral vision have wider 
excitatory ranges than units in central 
vision. 

In Exp. I, the intersect illusion is mea- 
sured in central and peripheral vision as a 
function of the orientation of the inducing 
lines against which the test line is seen. 


R. OVER, J. BROERSE, AND B. CRASSINI 


test line was superimposed 
optically on a circular square-wave grating by = 
| of separate channels of a Gerbrands three-field 
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Fic. 1. Mean illusion in central and peripheral 
vision for the different orientations of the inspection 
grating. 


There have been recent claims (e.g., 
Coltheart, 1971; Over, 1971) that the same 
error-inducing mechanism is responsible 
for orientation aftereffects and illusions. 
If this is the case, the intersect illusion 
should be exclusively of the contour repul- 
sion form in peripheral vision, but in 
central vision should change from contour 
repulsion to attraction as the inducing and 
test lines differ in orientation by more 
than 45°. The illusion has not previously 
been studied in peripheral vision. In 
central vision, Gibson (1937a) and Wallace 
and Crampton (1969) obtained angular 


repulsion up to 45°, but did not measure 
the illusion when the 


lines were separated 
Logan 


test and background 
by more than 45°, 
(1962) demonstrated a transition 


from repulsion to attraction, but Blake- 
more, Carpenter, and Georgeson (1970) 
found no evidence of contour 
when the test and inducing 
by between 45° and 90°. 


attraction 
lines differed 


EXPERIMENT | 
Method 
1G Fite e 
Ne ss Sixteen undergraduate students with 
a or correeted-to-normal vision served as Ss 


degree, and the contrast was .89. 


45°, 60°, 75°, r 0 
geneous ‘field of the same luminance (6.86 cd/m*) 


i | T-3B-1). The periodicity of 
tachistoscope (Model T-3B 1). h dicity a 

grating, which subtended 2° 40', was 4.2 cycles 
con ai In the course of 
: " zo. 209 
the experiment the grating was tilted 0°, 15°, 30°, 
or 90° from vertical, and a homo- 


as the space-average luminance of the grating was 
used as an inducing figure to obtain control measures. 
The test line was a length of white tape, 2? 15' X 7, 
fixed on black cardboard. Bi x 

Procedure.— The S's task was to judge the 
orientation of the test line when it was displayed 
in either central vision (eight Ss) or in peripheral 
vision 7? to the right of the fixation point (eight Ss). 
Under both conditions, the fixation point was shown 
for 1 sec. in the third channel of the tachistoscope 
before the test and inducing figures were presented. 
Each S judged the tilt of the test line with the 
grating displayed at each of the seven orientations 
as well as with the homogeneous background, and 
the order in which the eight conditions were tested 
was varied across Ss in each group by a Latin square 
design. With each induction condition, the test line 
was initially shown at the vertical position for 15 
msec. and either the grating or the homogeneous 
field was simultaneously presented as the back- 
ground. The S used a hand switch to initiate trials 
on E's command, and trials were separated by 20 
sec. On every trial, S was required to report whether 
the test line appeared tilted to the left or to the 
right of vertical; judgments of vertical were not 
permitted. After each trial E varied the orientation 
of the test line by 1? in the direction opposite to 
the tilt last reported by S. This procedure con- 
tinued until S reversed successive judgments; then 
E shifted the test line by 1? in either the clockwise 
or counterclockwise direction, determined at random. 
This procedure continued until six reversals in 
judgment had occurred under the specific condi- 
tion; further measures were then obtained using 
different background conditions. 


Results 


The position midway between tilt values 
on which S reversed successive judgments 
was taken as the orientation at which the 
test line appeared. vertical to S. Measures 
obtained with conjoint presentation of the 
test line and the grating were subtracte 
from measures found using the homos- 
encous field as background to establish the 
magnitude of the illusion, ‘The values !" 
Fig. 1 show the mean shift in judgment 
induced in central and peripheral vision P j 
display of the grating at the seven orient? 
tons which were used. The symbol 


se DE ical 
used to signify that the apparent vert 
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was shifted in the direction of tilt of the 
grating, and — that the distortion was in 
the opposite direction. 

An analysis of variance based on mea- 
sures obtained at grating orientations 
between 15? and 90? revealed that mean 
illusion varied as a function of the angle 
of tilt of the grating, F (5, 70) = 32.00, 
p < .01, and differed between central and 
peripheral vision, F (1, 14) = 13.86, p < 
.01. The interaction between angle and 
viewing condition was not significant, 
F (5, 70) = 1.34, p > .05. Comparisons 
using Duncan's new multiple-range test 
indicated that the mean illusion in periph- 
eral vision was significantly larger (p < 
.05) than the corresponding error in central 
vision when the grating had been tilted 15, 
30, or 75?. Figure 1 shows by dotted lines 
the confidence limits (p < .05) when the 
illusion value obtained with the 0° in- 
ducing grating in central vision served as a 
base line against which other values were 
compared by Duncan's test. 


Discussion 


The difference in angular function for the 
intersect illusion. between central and peri- 
pheral vision parallels results obtained with 
the tilt aftereffect (Muir & Over, 1970). In 
each case an asymmetrical S-shaped angular 
function is obtained when the test line and 
grating are fixated; perceptual repulsion 
results when the figures differ in orientation 
by less than 45° and contour attraction is 
found when the tilt difference is more extreme. 
In peripheral vision perceptual repulsion can 
alone be induced. The illusion measures 
obtained in the present experiment are con- 
siderably larger in absolute terms than the 
aftereffect values reported by Muir and Over 
(1970), but it is probable this difference 
simply reflects the procedural „artifact by 
which decay occurs in aftereffect in the period 
between cessation of inspection and completion 
of the test judgment. 

The results of Exp. 1 suggest that the same 
error-inducing mechanism underlies the tilt 
aftereffect and illusion, but they do not permit 
direct identification of the mechanism. The 
claim (e.g. Over, 1971) that differences in 
angular function for the aftereffect and illu- 
sion between central and peripheral vision 
reflect differences in the breadth of tuning of 
neural analyzers at the two retinal locations 


can be examined further only if information 
is available about orientation tuning in the 
human visual system. Experiment II studied 
contour masking in central and peripheral 
vision for this reason. 


EXPERIMENT II 


Weisstein (1969) has argued that the 
response properties of neural analvzers in 
the human visual system can be established 
using psychophysical masking paradigms. 
In contour masking studies Ss are required 
to detect a single line or grating, the target 
stimulus, displayed briefly before (Sekuler, 
1965), together with (Campbell & Kuli- 
kowski, 1966), or immediately following 
(Houlihan & Sekuler, 1968) exposure to 
another line or grating, the masking 
stimulus, in the same part of the visual 
field. With each arrangement the detect- 
ability of the target is most impaired when 
the masking and test lines are identical in 
orientation, and improves as their tilts 
diverge. Masking has been attributed to 
inhibitory interaction between neural units 
with overlapping sensitivities, and the ex- 
tent to which a line at one tilt masks a line 
at another tilt is considered an index of the 
tuning of orientation analyzers in the hu- 
man visual system (see Weisstein, 1969). 
Masking measures must, however, reflect 
the pooled response of many neural anal- 
yzers. Orientational selectivity has been 
demonstrated directly by microelectrode 
study of single cells in the visual cortex of 
the cat (Campbell, Cleland, Cooper, & 
Enroth-Cugell, 1968) and the monkey 
(Hubel & Wiesel, 1968). These cells are 
selective to the orientation of edges but are 
relatively unresponsive to diffuse light. 
Each cell discharges maximally to a partic- 
ular contour orientation, and is progres- 
sively less excited over an angular range 
(20° to 30°) on either side of the preferred 
direction. — Microelectrode techniques so 
far have not been explicitly used to com- 
pare the breadth of tuning of orientation- 
selective cells in central and peripheral 
vision. 

In Exp. lI contour masking is studied in 
central and peripheral vision as the tilt 
between the masking and test stimuli is 


ho 


“mask was increased. 
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increased from 0° to 90°. The issues of 
interest were whether masking occurs over a 
greater angular range in peripheral than 
central vision and whether facilitation (as 
opposed to masking) is found in central 
vision when the inducing and test lines 
differ in orientation by 70? to 90?. In the 
latter connection Gilinsky (1967, 1968) 
found that detection of a vertical line dis- 
played following exposure to a horizontal 
grating improved as the duration of the 
Woll, Eriksen, and 
Hake (1970) have criticized the experi- 
mental procedures adopted by Gilinsky; 
using a forced-choice methodology they 
obtained no evidence of facilitation when 
the inducing and test stimuli differed in 
orientation by 90°. However the issue of 
whether facilitation occurs in addition to 
masking should be further examined by 
comparing detection measures following 
exposure to a grating with values obtained 
when a homogeneous field at the same 
space-average luminance as the grating is 
used as the inducing stimulus. This con- 
trol has been employed in three previous 
studies of contour masking. With forward 
masking, Houlihan and Sekuler (1968) 
found that inspection of a 42? grating and 
a homogeneous field had similar influence on 
detection of a vertical line; measures were 
not obtained at more extreme tilts. With 
backward masking, Sekuler (1965) found 
that exposure to a 60° grating impaired 
detection of a vertical line, and only one 
of three Ss tested by Parlee (1969) showed 
evidence of facilitation when mask and test 
lines differed by 75°. In the present study, 
the detectability of a vertical target line 
was measured as the orientation of a mask- 
ing grating was varied from vertical to 
horizontal in 10° steps, and with a homo- 


geneous inducing field used as a control 
condition. 


Method 


_ Subjects—The eight Ss included the three Es. 
Each S had normal or corrected vision. 
Apparatus.—An adaptation field, the inducing 
stimulus, and the target stimulus were displayed 
successively in separate channels of a Gerbrands 
tachistoscope. A forward masking paradigm was 
used, with the adaptation field presented for 1,000 
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msec., the inducing field for 120 msec., and the 
target (or a homogeneous test field on 'catch' 
trials) for 10 msec. There was a dark interval of 
120 msec. between offset of the adaptation field 
and onset of the inducing field, and of 10 msec. 
between offset of the inducing field and onset of 
the target. 

Stimuli. were constructed by fixing mat-black 
tape to white cardboard. The target was a single 
vertical line, 1°42’ long and 6’ wide; the grating 
used as the inducing stimulus subtended 60°3' X 
6°54’, and consisted of 12’ wide lines separated by 
12/, The line and the grating were cach displayed 
on a background 12°48’ X 14?20'. The Michelson 
contrast value of the grating was 1.0, and its space- 
average luminance was maintained at 4.35 cd /m?, 
The space-average luminance of the target field 
was manipulated as the dependent variable of the 
experiment. Two fixation points, 7? apart, were 
present in each field. The fixation point to S 
left coincided spatially with the centers of the 
grating and the target line, and was used for central 
vision. For peripheral vision, Ss viewed the right- 
hand fixation point which enabled the grating and 
the test line to be displayed 7° in the periphery. 
dental impression was used to limit head movements 
during fixation. 

Ten orientation values (extending from vertical 
to horizontal in 10° steps) of the grating were used. 
In addition, detection measures were obtained 
employing a homogeneous inducing field of the same 
space-average luminance rating. 


homogeneous inducing field. 
over four sessions, and judgments were made in 
central and. peripheral vision on alternate sessions. 
Detection was measured using a block-wise tracking 
method adapted from Houlihan and Sekuler (1968). 
In each block there were target and six catch 
trials presented in random order at a given lumin- 
ance value. If for a given mask stimulus S was 
more than 75 ; accurate on the initial block, the 
luminance of the target was decreased over blocks 
in steps of 1.72 cd/m? until accuracy on the 12 
trials of a block was 756; or less. The luminance 
value was increased over blocks in similar steps * *. 
was initially less than 756; accurate. For each pi 
the starting value for the central viewing track Wa? 
determined by preliminary testing as the luminance 
of the target required for S to perform at chance 
level when the homogeneous inducing field was usce 
asa mask. A similar procedure was used to deter 
mine a starting level in peripheral vision for each “i 

The order of presentation of the inducing stimu 
across Ss and between sessions was varied by thre 


unused. The testing was conducted in a darken. 
room, and each S was dark-adapted for 
prior to testing. There was a 10-sec. interV2. te 
tween successive trials. On each trial 5 initia 
tite stimulus display, and indicated his judgment 
E by operation of a hand switch. 
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Results 


The threshold for detection of the target 
line was defined as the luminance level at 
which S was able to differentiate the 12 
target and catch trials in a single block 
with 75% accuracy. Where necessary the 
threshold measure was determined by 
extrapolation. Thresholds obtained with 
different orientations of the grating in 
central and peripheral vision were con- 
verted to ratio values relative to thresholds 
found in central and peripheral vision using 
the homogeneous inducing field. The 
latter values serve as base lines against 
which impairment in detection induced by 
the spatial properties of the grating can 
be established. 

Because the group means and variances 
were correlated, a logarithmic transform 
was applied to the ratio values of each S. 
Figure 2 shows the mean log ratios obtained 
in central and peripheral vision at each 
angle of tilt of the grating. Masking is in 
evidence if the log ratio exceeds .0; facil- 
itation (better detection of the target 
following exposure to the grating than to 
the homogeneous field) has occurred if the 
ratio is less than .0. The group data were 
then subjected to analysis of variance. As 
was expected from previous contour mask- 
ing experiments, the relative detectability 
of the target was dependent on the orienta- 
tion of the grating, F (9, 63) = 134.03, 
p «.01.  Detectability did not differ 
significantly between central and peripheral 
vision, F (1, 7) = 4.07, p> .05. How- 
ever, the interaction between retinal loca- 
tion and the orientation of the grating was 
significant, PF (9, 63) = 2.68, p < .02. 
Comparisons made using Duncan’s new 
multiple-range test showed that exposure 
to the grating induced significantly greater 
(p < .01) impairment in detection of the 
target line in central than peripheral vision 
at each grating orientation between 0° and 
50°, except 40°. There was no significant 
difference (p > .05) in detection between 
central and peripheral vision when the 
target and the grating differed in orienta- 
tion by more than 50°. : 

The confidence limit (p < .05), when 
the mean log ratio obtained in central 
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peripheral vision for the different orientations of the 
inducing grating. 


vision with the grating oriented 90? is 
taken as a base line against which other 
values are compared by Duncan's test, 
is shown in Fig. 1 by dotted lines. In 
central vision exposure to the grating at 
any orientation. between 0? and 50? re- 
sulted in impaired detection of the target 
relative to this base line, and facilitation 
did not occur at angular values between 
50? and 90°. Using the same base line, 
masking in peripheral vision extended over 
only 30°, and significant facilitation (im- 
proved detection as a function of exposure 
to the grating) occurred at 80? but not at 
other values. 


DISCUSSION 


It has recently been proposed (e.g. Blake- 
more et al., 1970; Coltheart, 1971; Over, 1971) 
that perceptual distortions found with simul- 
taneous, as well as successive display of a 
grating and a test line, result from inhibitory 
interaction between the neural correlates of 
the two figures. The results of Exp. I indicate 
that fundamentally similar error-inducing 
processes are responsible for the visual tilt 
aftereffect and the intersect illusion. The 
mechanism of distortion remains, however, to 
be identified. Muir and Over (1970) and Over 
attributed differences in the angular function 
of the aftereffect between central and periph- 
eral vision to variations in the breadth of 
tuning of orientation detectors within the 
visual field. An indirect test was made of 
this claim in Exp. II by examining orientation 
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masking in central and peripheral vi ion. The 
results of Exp. II indicated that orientation 
masking and aftereffect are not equivalent 
perceptual phenomena. Tilt aftereffects are of 
greater magnitude in peripheral than central 
vision (Muir & Over, 1970), yet masking is 
more pronounced in central than peripheral 
vision. Similarly, tilt aftereffects can be 
generated over a wider range of angular values 
of inducing and test stimuli in peripheral than 
central vision, but the revers 
orientation masking. In addition, the tilt 
aftereffect changes from proactive angular 
repulsion to attraction as the orientation 
difference between the inducing and the test 
stimuli is increased; there is no comparable 
change from impairment of detection to 
facilitation in the masking situation. 

The different data functions between orienta- 
tion masking and aftereffect are surprizing in 
view of procedural similarities between the 
traditional aftereffect paradigm and the 
cross-adaptation forward masking design. The 
procedures differ solely in that with masking 
the influence of the inducing stimulus on the 
threshold for detection of the target is mea- 
sured, while with the aftereffect S is required 
to judge a specific property of the supra- 
threshold target following exposure to the 
inducing stimulus. Weisstein (1969) has 
argued that masking data alone provide in- 
formation on specific feature-analyzing mech- 
anisms, on the grounds that aftereffect mea- 
sures reflect the pooled response of a number 
of different types of analyzers. Recent ac- 
counts of tilt aftereffects in terms of neural 
inhibition (Coltheart, 1971; Day, 1969; Over, 
1971) merely suppose that perceptual distor- 
tion results because inspection induces selec- 
tive response suppression within the popula- 
tion of tilt analyzers. If Weisstein's claim 
is correct, inferences could be drawn about 
tuning characteristics of specific feature de- 
tectors from aftereffect measures only if a 
model of aftereffect is developed that makes 
explicit reference to the manner in which 
the neural correlates of the inspection and 
test figures interact and also identifies the 
input properties on which judgments are 
based. The suprathreshold target in the after- 
effect situation would undoubtedly have more 
extensive and massive neural representation 
than the barely detectable target in a masking 
study; judgments of the orientation of the 
target also may be based on different input 
characteristics than judgments of whether 
a target was present or absent. While these 
factors may suggest why masking 


the case for 


occurs 
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over a smaller range of angular values than 
aftereffect, they do not indicate why relative 
error in central and peripheral vision should 
be reversed for masking and aftereffect. Nor 
are clues provided as to the mechanism by 
which contour attraction, in addition to 
contour repulsion, occurs with tilt aftereffect 
and the associated illusion. 

The relationship between masking and 
aftereffect has also been questioned by Sekuler, 
Lehr, Stone, and Wolf (1971), who demon- 
strated masking of perceived movement under 
conditions where the motion aftereffect cannot 
be induced. They found equivalent masking 
following exposure to downward moving lines 
and alternate presentation of upward and 
downward moving lines. The motion after- 
effect can be generated by the former, but 
not by the latter, inspection conditions. How- 
ever, Blakemore and Nachmias (1971) found 
that the extent to which exposure to one 
grating impairs detection (masking) or shifts 
the apparent periodicity (aftereffect) of an- 
other grating is dependent on the relative 
orientations of the two gratings as well as the 
extent to which they differ in spatial frequency. 
Orientation selectivity was identical for mask- 
ing and aftereffect. The relationship between 
masking and aftereffect should receive further 
attention in view of these seemingly discrepant 
findings. 

Last, the possibility exists that visual tilt 
aftereffects and illusions result from processes 
other than, or additional to, neural inhibition. 
Gibson (1937b), for example, proposed that 
tilt aftereffects occur as by-products of a 
psychophysical normalization process, and 
Morant and Harris (1965) have argued that 
both normalization and neural inhibition 
typically influence ult aftereffects. Neither 
treatment is able, however, to account for 
existing data on aftereffects (see Over, 1971). 
It seems unlikely that the error-inducing 
mechanisms underlying tilt aftereffects am 
illusions will be identified until further vari 
ables affecting the magnitude of the aftereflect 
and illusion are experimentally differentiate 
from those that have no influence. Es 
feature-analyzer explanation is to be main- 
tained, it will be necessary to show that he 
variables critical for generation of the altel 
effect and illusion are also those t? yu 
neural analyzers tuned to contour orientale: 
are differentially sensitive. In doing this g 
may be profitable to reexamine claims s 
Weisstein, 1969) that masking paradig o 
provide data on the tuning characteristics 
feature detectors. 
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SEQUENTIAL EFFECTS IN SERIAL REACTION TIME! 


NEIL H. KIRBY? 


University of Adelaide, South Australia, Australia 


The serial reaction time data from an experiment producing a negative recency 
effect at different interstimulus intervals were subjected to an analysis which 


included an investigation of up to and including fifth-orde 
Third-, fourth-, and fifth-order effects were found to oc 
the negative recency could not be explained by consid 
events only. The implications of these findings are discus 


r sequential effects. 
ir, indicating that 
g sequences of two 
sed with respect to 


models seeking to explain sequential effects in serial reaction time tasks. 


Sequential effects have been found in 
serial reaction time experiments such that 
under some conditions, responses to a 
signal which is the same as the preceding 
signal are faster than if it is different (e.g., 
Bertelson, 1961). Under other conditions 
the opposite has been found, the response 
to a signal which is different from the 
preceding signal being faster than if it is 
the same (e.g. Williams, 1966). The 
former has been called a positive recency 
or "repetition" effect (Bertelson, 1961), 
and the latter a negative recency or “‘alter- 
nation" effect. 

Some experiments have reported that 
the repetition effect tends to decrease, and 
even to change to an alternation effect, 
with increasing interstimulus interval (e.g., 
Bertelson, 1961; Hale, 1967), but others 
have failed to find such a change (e.g., 
Keele, 1969; Schvaneveldt & Chase, 1969). 
Generally, however, with two-choice com- 
patible S-R arrangements, repetition effects 
have been found with interstimulus inter- 
vals of less than 1 sec. (e.g., Bertelson, 
1961; Hale, 1967), while alternation effects 
have been found with interstimulus inter- 
vals of greater than 1 sec. (e.g., Hale, 1967; 
Williams, 1966). 

Attempts to explain the repetition effect 
by Bertelson (1963) and the alternation 
effect by Williams (1966) have both as- 
sumed that they primarily are due to the 
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immediately preceding event. However, 
Remington (1969) has shown that, for the 
repetition effect at least, events two, three, 
and four back in the series can also con- 
tribute to the difference between repeti- 
tions and alternations, and he has argued 
that these must therefore be taken into 
account in formulating any explanatory 
model. 

The present experiment aimed at ob- 
taining reaction time data showing alter- 
nation effects by using a two-choice com- 
patible S-R arrangement with interstim- 
ulus intervals of greater than 1 sec., and 
at applying Remington's (1969) type of 
analysis in order to see whether higher 
order sequences also need to be taken into 
account in any explanation of the alter- 
nation effect. 

Briefly Remington's (1969) analysis con- 
sists of separating out all the possible 
combinations of the two stimulus events 
in sequences of up to five in length, Thus 
the first-order stimulus reaction time; 
which may be represented by A, is the 
overall mean reaction time. The secon 
order consists of 2 reaction times, that for 
the case when a stimulus is preceded by the 
same stimulus (AA) and that for the case 
in which it is preceded by a different stimu: 
lus (BA). Similarly there are 4 third-orde" 
reaction times corresponding to the E 
possible combinations, AAA, ABA, BB 4 
and BAA; 8 fourth-order reaction ti 
and 16 fifth-order, 


METHOD fe 
ae ale 
Subjects.—The Ss were five male and one Pi (he 
volunteers who were naive as to the aims ° 


experiment and ranged in age from 20 to 40 yh 
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A pparatus.— The stimuli were presented by means 
of two lights of 16-mm. diameter set 6 mm. apart 
and mounted on a blackboard with a white vertical 
line between them. The board was situated 2.8 
m. from S. Responses were made with two flat- 
topped telegraph keys placed on a board in front 
of S. The left index finger operated the left-hand 
key in response to the left light and the right index 
finger the right-hand key for the right light. A 
pressure of approximately 140 gm. was required to 
operate the keys. Reaction time was recorded in 
milliseconds from the onset of the stimulus to the 
depression of either of the keys. The interstimulus 
intervals were 2, 4, and 8 sec. Recording equipment 
was situated in a room adjacent to that in which the 
experiment was conducted. Stimuli were presented 
and responses were recorded by means of computer- 
programmed paper tapes. 

Stimulus sequences,—Six different runs of 100 trials 
each were prepared from random-number tables with 
constraints ensuring that both stimulus lights were 
presented equally often and that at le two 
examples of each possible sequence of five stimuli 
occurred in each run. 

Procedure.—Each S was assigned to one of the six 
possible orders of the three int imulus intervals 
and attended on 3 consecutive days, completing 
the six different runs of stimuli at a different inter- 
stimulus interval on each day. Thus the 8-sec. 
interstimulus interval session lasted for approxi- 
mately 1.5 hr., the 4 sec. for 1 hr., and the 2 sec. for 
„Š hr. Within each session, there was a rest period 
of approximately 2 min. between each of the six 
runs. The Ss were informed of the interstimulus 
interval before ea "They were then told 
that both the stimuli would be presented randomly 
an equal number of times in each 100 trials and 
were instructed. to respond as rapidly as possible 
while keeping their error rate down to less than 5%. 


ch session. 


RESULTS 

Initial inspection of the results indicated 
that those of the first one or two runs 
differed from those of later runs. Accord- 
ingly, the first two and the final four runs 
of each interstimulus interval condition 
were combined and the mean RTs cal- 
culated for each possible combination of 
stimuli up to and including the fifth order. 
The lowest number of responses upon which 
a fifth-order mean was based for the first 
two runs combined was 25, most being 
calculated from approximately 30 re- 
sponses. Lower order mean RTs were, of 
course, based upon substantially larger 
numbers of responses. The means for the 
last four runs combined were based upon 
approximately twice as many responses as 
for the first two runs. These results are 


set out graphically in the form of tree 
diagrams in Fig. 1, where each node repre- 
sents the mean RT for a particular com- 
bination of stimulus events. The single 
letter A represents the overall mean RT. 
AA and BA indicate the RTs for a stim- 
ulus preceded by the same and different 
stimuli, respectively, and similarly for the 
third-, fourth-, and fifth-order sequences. - 
Errors amounted to approximately 2% of 
the total number of responses, and were 
included in the analyses as if they had been 
correct responses to stimuli which were 
other than those which had in fact occurred. 

The results shown in Fig. 1 reveal both 
second-order and higher order sequential 
effects giving faster alternations than 
repetitions. The effects are of a similar 
pattern to those found by Remington 
(1969) except that in his experiment 
repetitions were faster than alternations. 
RTs decrease as the length of an alterna- 
tion sequence increases, that is, from BA 
to ABA to BABA to ABABA. Similarly, 
for the upper branch of the tree diagrams 
it can be seen that a stimulus which does 
not continue the alternation sequence is 
responded to relatively slowly and that 
this slowness generally increases with the 
length of the preceding alternation se- 
quence, that is, from AA to BAA to ABAA 
to BABAA. 

A three-way analysis of variance was 
performed on the differences between AA 
and BA across the three interstimulus- 
interval conditions and over runs (Inter- 
stimulus Interval X Number of Runs X 
Ss). There was no significant effect due 
to interstimulus interval but there was a 
significant effect due to number of runs, 
F (1, 5) = 26.68, p < .005. From the 
diagrams, this decrease from the first two 
to the last four runs does not appear to be 
very marked except in the 8-sec. condi- 
tion. However, there was no significant 
interaction between interstimulus interval 
and the number of runs. 

In order to test the significance of the 
higher order alternation effects, a five-way 
analysis of variance was performed using 
as the raw scores the differences between 
the RTs of alternation sequences of differ- 
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Fi. Tree diagram analysis 
and last four runs. 


and for the first two 


nees of different lengths 
and BABAA 


ABA- BA: BABA ABA, of alternation seque 
alysis were 


and the differences Ges BAA AA, ABAA-BAA, 


ent lengths (i-e. 
discontinuations ABAA). Other factors jn the an 


and ABABA-BABA) 
between the RTs of the 


Ss, first two versus last four runs, interstim- 
ulus interval, and a comparison between the 
differences involving alternation sequences 
and those involving the discontinuations of 
alternation sequences. This last comparison 
was the only significant main effect, F (1, 5) 
= 200.42, p < .005. The only significant 
interaction was that due to the Significant 
Main Effect X Interstimulus Interval, F 
(2, 10) = 9.802, p < .005. These results 
indicate that higher order alternation effects 
do occur and that they change with increas- 
ing interstimulus interval. From the dia- 
grams, this decrease in the higher order 
alternation effects with increasing inter- 
stimulus interval appears to be confined to 
the last four runs. However, the interac- 
tion corresponding to this was not found to 
be significant. 

Sequences of repetitions and the discon- 
Unuation of such sequences are shown by 
the dotted lines in the diagrams. lt can 
be seen that, generally, the RT decreases 
as the length of the repetition. sequence 
increases and that the opposite occurs with 
increasing length of repetition sequence 
preceding a discontinuation. 

In order to test the higher order repeti- 
tion effects, the same five-way analysis of 
variance as that used for the higher order 
alternation effects was performed except 
that in this case the differences between 
repetition sequences of different lengths 
and the differences between the discontinu- 
ations of repetition sequences of different 
lengths were used as the raw scores (e; 
AAA-AA, AAAA-AAA, AAAAA-AAAA; 
and BBA-BA, BBBA-BBA, BBBBA- 
BBBA). The comparison between differ- 
ences involving repetition sequences and 
those involving the discontinuations of 
repetition sequences was found to be signifi- 
cant, P (1, 5) = 17.05, p< .025. There 
were no other significant effects. 


DISCUSSION 


Williams’ (1966) model for the alternation 
effect assumes a comparison system which 
matches each new input against the input on 
the previous trial. Comparisons resulting ina 
“match” decision are assumed to require more 
time than comparisons resulting in a "non- 
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match" decision. It is clear from the present 
results, however, that this model is inadequate 
insofar as it assumes that only the immediately 
preceding stimulus is important. Remington 
(1969) dismissed Bertelson's 1963 model for 
the repetition effect for the same reason. A 
parsimonious explanation for both the present 
results and those of Remington for repetitions 
can be offered in terms of flexible guessing 
strategies as suggested by Keele (1969) and 
by Schvaneveldt and Chase (1969), perhaps 
involving some kind of preparation which can 
be increased according to the number of pre- 
viously correct anticipations. Thus, the 
longer the preceding sequence of either repeti- 
tions or alternations, the shorter would be the 
RTs for stimuli which continued the sequence, 
and the longer would be the RTs for stimuli, 
which discontinued the sequence, There might 
perhaps be a limit after which S would begin 
to expect a change from the repetition or 
alternation sequence, but this was not ap- 
parent in the present results for the alternation 
effect, nor in Remington's for the repetition 
effect, for sequences of up to five in length. 
The alternation effects in the present experi- 
ment could be explained by assuming the Ss 
tended to begin with an initial bias in favor of 
more alternations than repetitions perhaps 
analogous to the gambler's fallacy phenomenon. 
The fact that, overall, the RTs for repetition 
sequences decre as the length of the 
quence increases and that the opposite occurs 
for the discontinuations of such sequences 
could be explained by further assuming that Ss 
on some occasions are prepared to change their 
strategy from preparation for alternations to 
preparation for repetitions after the first two 
or three of a run of the same stimulus, revert- 
ing back, however, to the alternation strategy 
after the occurrence of the next alternation. 
The overall decrease from the first two to 
the last four runs in the second-order alter- 
nation effect might perhaps be due in part to 
S changing his strategy toward more prepara- 
tion for repetitions, perhaps as a result of be- 
coming more aware that there are equal num- 
bers of repetitions and alternations. The slight 
increase in the higher order repetition effects 
across runs in the 2-sec. condition would be 
consistent with this. In the 8-sec. condition, 
the decrease in the second-order alternation 
effect and the apparent decrease (albeit non- 
significant) in the higher order alternation 
effects from the first two to the last four runs 
might have been due to boredom, causing Ss 
to make less thorough preparation for their 
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reactions. The Ss did report that they found 
the 1.5 hr. in the 8-sec. condition extremely 
tiring. 

A decrease in S's preparation due to boredom 
might also account in part for the overall de- 
crease in the higher order alternation effects 
with increasing interstimulus interval. How- 
ever, this result might also be expected on the 
above explanation insofar as stimuli further 
back in the sequence would be likely to have 
less effect the further removed in time they are 
from the present stimulus, since S's expecta- 
tion and preparation are presumably based on 
memory traces of the preceding stimuli which 
might be assumed to decay with time. On this 
explanation, one might also expect that the 
higher order repetition effects would decreas 
with increasing interstimulus interval. While 
there is some suggestion from the diagrams 
that this is so, the effect was not found to be 
significant, perhaps because the repetition 
effects are not as marked in any of the condi- 
tions as the alternation effects. 

Remington (1969) obtained a repetition 
effect with a 4-sec. interstimulus interval while 
the present experiment found alternation 
effects for 2-, 4-, and 8-sec. interstimulus inter- 
vals. Since there appears to be no obvious 
difference in the procedures used that might 
account for this difference, it suggests that the 
repetition and alternation effects are not 
definitely confined to a particular range of 
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interstimulus intervals. If so. this fact would 
appear to lend further support to an explana- 
tion of alternation and repetition effects in 
terms of flexible strategies which S may vary 
according to circumstances. The factors in- 
fluencing such strategies are not at present 
clear and require further investigation. 
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FAMILIAR AND RELATIVE SIZE CUES AND SURFACE TEXTURE 
AS DETERMINANTS OF RELATIVE DISTANCE JUDGMENTS! 


COLIN V. NEWMAN? 
University of Birmingham, England 


A series of experiments showed that familiar size and relative size cues to 
distance, either separately or in combination, influenced relative distance 
judgments in which S attempted to position one object midway between two 
other objects. These were placed at different physical distances from S, ona 
surface that was either plain white or clearly textured. The S viewed the 
objects under reduced, monocular conditions. When the information to 
distance in the surface texture was held constant, relative size cues influenced 
relative distance judgments. When, however, familiar size and relative size 
cues were held constant, relative distance judgments were influenced by 
variations in surface texture. Results indicated that J. J. Gibson may have 
placed undue stress on the importance of the texture variable in formulating 


his psychophysical hypothesis, 


Hochberg and McAlister (1955) argued 
that the familiar size cue to relative dis- 
tance can be subsumed under the relative 
size cue to relative distance. More re- 
cently, both Epstein (1967) and Gogel 
(1964) concluded that in some experiments 
familiar size has been shown to act as a 
cue to relative distance independently of 
relative size. This has been confirmed by 
Gogel and Mertens (1968) and Ono (1969). 
Past experiments have investigated the 
influence of familiar and relative size cues 
on the perceived relative distance of, 
typically, just two objects viewed in en- 
vironments devoid of any other distance 
information. To test the functional valid- 
ity of these cues under less restricted con- 
ditions, the present series of experiments 
examined whether familiar and relative 
size cues influenced the judged distance of 
one object with respect to two others, 
when all three objects were physically at 
different distances from S and were placed 
on a surface that was either plain white or 
strongly textured. 

1 The research was conducted at the University of 
Leicester in partial fulfillment of the requirements for 
a PhD degree. The author held a Social Science 
Research Council Studentship, Acknowledgments 
are due to S. G. M. Lee for his advice on experi- 
mental design. 2 

? Requests for reprints should be sent to Colin 
V. Newman, Department of Psychology, U 
versity of Birmingham, Birmingham B15 2T 
England. 


Gibson (1950) accepted that S's explicit 
judgments in an experiment may be in- 
fluenced by subjective assumptions about 
the familiar or relative sizes of objects when 
E has deliberately removed all normally 
available sources of stimulation, such as 
texture density gradients. When such 
gradients of stimulation are present, Gib- 
son argues that Ss do not make assumptions 
about objects in the environment since the 
necessary information about their dis- 
tances and sizes is directly available in the 
pattern of stimulation on the retina. Two 
experiments in the present series tested 
Gibson's view by examining whether judg- 
ments of relative distance, made over a 
surface with a well-defined texture, were 
influenced by texture alone, or by the 
presence of conflicting familiar and rela- 
tive size cues to distance. 


EXPERIMENT I 


Experiment I tested the hypothesis that 
in combination, familiar and relative size 
cues would influence relative distance 
judgments on a textureless surface. 


Method. 


Apparatus.—Vigure 1 shows a schematic diagram 
of the apparatus. 

The apparatus was also used in all subsequent 
experiments and has been fully described by New- 
man (1971). It featured a viewing box, 152.4 cm. 
wide X 76.2 cm. long, into which .S looked through 
a monocular aperture at the center of the front end 
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Fic, 1. Schematic diagram of apparatu 
aperture; C = viewing box; D = reduction 


screen. 


of the box, 30.5 cm. above its floor... When the door 
in a reduction sereen facing S was opened, he looked 
along a plain white, horizontal surface 228.6 cm. 
long X 76.2 cm. wide, slightly to the right of - 
direct line of sight. The full width of the surface 
could not be seen by S as its edges were occluded 
by the reduction sereen. Vision beyond the end of 
the surface was restricted by à white sereen, mounted 
vertically. Two markers were placed on the sur- 
face. ‘These defined. a distance which S was to 
bisect. The "far marker" was positioned at the 
horizon end of the surface and the “near marker" 
30.5 cm. from the reduction screen aperture. The 
near marker was a standard-sized, familiar flashlight 
battery (5.8 cm. tall X 3.3 cm. diam.), and the 
far marker was either a ndard-sized 
flashlight battery or an olf-sized, scaled miniature 
of this flashlight battery (4.4 em. tall X 2.5 cm. 
diam.). .X distance bisection marker, consisting of a 
standard-sized table tennis ball (3.8 em. in diam.) 
riveted to a magnetic disc (2.8 em. in diam.), was 
placed on the surface above a powerful button 
magnet, mounted on tracks and held immediately 
under the test surface. By winding a handle, S 
could vary the position of the bisection marker 
along the direct line of sight between near and 
far markers. The position of the bisection marker 
could be read from a scale mounted beside the test 
surface and visible only to Æ. 


second 


\ = winding handle; B 
een with aperture; E = sliding door; F = near 
marker; G = plain white surface; H = distance bisection marker; | 
native test surface, occluded throughout this series of experiments; K 


= monocular viewing 


= measuring scale; J = alter- 
far marker white 


Procedure. Vo remind Ss of the standard sizes of 
the specific, familiar objects to be viewed sub- 
sequently, all Ss were given the relevant familiar ob- 
jects to hold before the experiment. ‘Twenty adult 
Ss of both sexes, with normal or corrected-to-normal 
vision, then made bisection judgments. 
For half of the Ss the standard-sized flashlight 
battery was the far marker on the first four. trials 
and the olf-sized flashlight: battery was the far 
marker on the final four trials. The remaining 5 
made the same judgments, but in reverse order. On 
all eight trials, Ss were instructed to move the 
distance bisection marker to the physical mid- 
point between the far and near markers. The 
psychophysical method of adjustment was used. In 
each condition, S's point of subjective equality was 
caleulated as the mean of his four judgments of the 
midpoint. The crossover (Latin square) design 
was employed to balance the order in whieh bi- 
section judgments were made under the two CY 
perimental conditions. 


distance 


Rationale and Prediction 


Provided that Ss assume all objects. 1” 
cluding the off-sized flashlight battery, have 
the standard sizes of familiar objects, 1” 
predicted that the reduced size of the n 
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object would increase its apparent distance 
and hence the apparent halfway distance as 
well. If familiar size and relative size to- 
gether act as cues to relative distance, then 
S will move the bisection marker until it is 
positioned objectively too near to the far 
off-sized flashlight battery. When the far 
marker is changed to a standardized flash- 
light. battery, S should place the table 
tennis ball nearer to the objective midpoint. 


Results and Discussion 


Informal questioning of cach S at the 
end of the experiment indicated that no S 
had detected the distorted size of the far 
flashlight battery 

Judgments of the midpoint were ex- 
pressed as deviations from the objective 
midpoint; positive deviations were re- 
corded when the bisection marker was 
placed objectively too near to the far 
marker, negative deviations in the reverse 
situation. Mean errors in distance bi- 
section for all Ss are shown in Table 1. 

The hypothesis was confirmed: Positive 
errors in distance bisection were sig- 
nificantly greater with the off-sized rather 
than. standard-sized flashlight battery as 
the far marker, 7 (I; 18) = 3:60; p< 05. 
There was no significant difference be- 
tween groups of Ss (A vs. B) or between 
judgments made first and judgments made 
second. 

"This experiment did not test the separate 
influences of familiar size and relative size 
on relative distance judgments. This was 
done in Exp. H and II. 


TABLE 1 


MEAN Errors IN DISTANCE BISECTION ON 
TEXTURELESS SURFACE WITH FAMILIAR 
ip RELATIVE SIZE CUES PRESENT 


S and sp, 


Ñ and SD, first 
tour judg 


four judgments 


Group of Ss 


\ i 16.0 em.” 
f 411.13 cm." 

22.2 emi 16.4 em.” 
$ 4:11.65 cm.” zE11.35 cm." 


Note.— Group A (a. = 10); Group B (n = 10). 
* Standard-sized, far flashlight battery. 
P Off-sized, far flashlight battery. 


TABLE 2 
AEAN ERRORS IN DISTANCE BISECTION ON A 


NTURELESS SURFACE WITH FAMILIAR Size 
Cues PRESENT 


| Xandisp; sea | X and SD, second 


Group of Ss four judgments | four judgments 
A 149 cm. 232.0 cm.» 
zE12.17 ems £12.91 em.» 

| 
B 17.8 cm. 17.6 cm.* 
zE17.72 cm.» | 416.51 cm. 


Note.—Group A (x = 16); Group B (5 = 16). 
tandard-sized, far flashlight battery. 
b Off-sizes 


far flashlight battery. 


EXPERIV I] 


This experiment tested the hypothesis 
that familiar size, independently of relative 
size, would influence relative distance judg- 
ments on a textureless surface. 


Method 


The experiment was an exact replication of Exp. | 
except for the following changes: The near flash- 
light battery was replaced by a standard-sized 
matchbox of a common “Swan Vesta” brand (7.9 
cm, wide X 4.9 cm. tall), Sixteen, instead of 10 . 
were included in each experimental group, none hay- 
ing served in the previous experiment. 


, 


Rationale and Prediction 


When Ss observe unfamiliar objects of 
different shapes there is no basis for them to 
assume that "similar things are identical 
[Ittelson, 1960, p. 70].” It is thus nor- 
mally assumed that relative size operates as 
a cue to relative distance only when com- 


parison objects have the same shape 
(Gogel, 1964; Hochberg & McAlister, 
1955). Hence, in this experiment, when 


differently shaped familiar objects were 
viewed, familiar size cues were isolated from 
relative size cues; the latter were assumed 
to be inoperative, as all objects had differ- 
ent shapes. On the basis of this assumption 
the experimental hypothesis was tested. 
Provided all objects in Ss’ field of view, 
including the off-sized far flashlight battery, 
are assumed by Ss to have the standard 
sizes of familiar objects, the following 
hypothesis is advanced on the same basis 
as in Exp. I. If familiar size serves as a 
cue to relative distance, the table tennis 
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ball will be placed objectively nearer to the 
far marker when this is an off-sized flash- 
light battery than when it is a standard- 
sized battery. 


Results and Discussion 


Informal questioning at the end of the 
experiment again indicated that no S had 
detected any size distortion of the far 
flashlight battery. Mean errors in dis- 
tance bisection for all Ss are shown in 
Table 2. 

The hypothesis was confirmed: Positive 
errors in distance bisection were sig- 
nificantly greater with the off-sized rather 
than the standard-sized flashlight battery 
as the far marker, F (1, 30)=9.24, p<.01. 
There was no significant difference between 
groups of Ss (A vs. B), but the difference 
between judgments made first and judg- 
ments made second was significant, /’ 
(1, 30) = 10.26, p < .01. This may reflect 
a repeated judgment effect (Newman, 
1968; Wohlwill, 1964). Repeated bisection 
judgments result in some Ss placing the 
bisection marker increasingly nearer the 
far marker on successive trials. 

The finding of Gogel and Mertens (1968) 
was confirmed by the result which showed 
that familiar size served as a cue to rela- 
tive distance between the differently shaped 
familiar objects. 


IH 


This experiment tested the hypothesis 
that relative size, independently of familiar 
size, would influence relative distance judg- 
ments despite the presence of clear dis- 
tance information in the texture on the 
surface over which judgments were made. 


EXPERIMENT 


Method 


The experiment was an exact replication of Exp. I, 
again testing 20 Ss, except that the following changes 
in the apparatus were made. The plain white sur- 
face was replaced by a regular textured surface 
having the same physical dimensions, but painted 
crosswise to S's line of sight with 63 alternate black 
and white stripes, each 3.63 cm. wide. The standard- 
sized flashlight batteries were replaced by blue 
cardboard rectangles, held vertically from behind, 
all being 5.8 cm. tall X 3.3 cm. wide. The off-sized 
far flashlight battery was replaced by a smaller 
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blue cardboard rectangle, ++ cm. tall X 2.5 cm. 
wide, being a scaled miniature of the larger rec- 
tangles, but having the same outline shape. To 
maintain consistent conditions between © periments, 
the table tennis ball was retained as the distance bi- 
section marker. 


Rationale and. Prediction 


Provided all rectangles, including the 
small rectangle, are assumed equal in physi- 
cal size, then, if relative size serves as a Cue 
to relative distance, the bisection marker 
will be placed objectively nearer to the far 
marker when this is the 4.4-cm.-tall rec- 
tangle than when it is the 5.8-cm.-tall rec- 
tangle. The textured surface was intro- 
duced to test whether relative size is a 
functional cue to relative distance when 
surface texture provides clear information 
about the objective midpoint. Gibson 
(1959) argued that S's judgment of the 
length of one stretch of ground relative to 
the other depends on the number of transi- 
tions or textural units in one stretch relative 
to the number of similar units in the other. 
Therefore, when making bisection judg- 
ments on a textured surface, 5s should 
attempt to equate the number of textura 
units beyond the midpoint with the num- 
ber of similar units in front of it, Hence, 
on this surface, under all conditions, the 
texture should enhance objectively correct 
judgments of the midpoint. 


Results and Discussion 


Informal questioning at the end of the 
experiment indicated that all Ss had as- 
sumed that the 5.8-cm.-tall rectangles anc 


TABLE 3 
MEAN Errors IN Distance Bis 


Id 1 
X and SD, secon’ 
four judgment? 


X and SD, first 
four judgments 


| 
A 13.5 cm.* | 18.5 cma 
£14.05 em" | 4:17.27 cm» 
B 20.9 em.» | 19.2 cm." 
10.80 cm. | 4:11.82 ut. 


Group A (u = 10), Group B Gr = 10). 
n. rectangle as far marker. 
as far marker, 
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the 4.4-cm.-tall rectangle were equal in 
both physical size and shape. Mean 
errors in distance bisection for all Ss are 
shown in Table 3. 

Positive errors in distance bisection 
were significantly greater with the 4.4-cm. 
rectangle rather than the 5.8-cm. rectangle 
as the far marker, F (1, 18) = 5.60, 
b <.05. There was no significant dif- 
ference between judgments made first and 
judgments made second, but there was a 
significant difference between groups of Ss 
(A vs. B), F (1, 18) = 8.34, p « .05. This 
may reflect an interaction between Ss and 
the repeated judgment effect discussed 
earlier. 

The results showed that relative size 
served as a cue to distance, despite the 
presence of the information to distance in 
the surface texture. It cannot be con- 
cluded that texture had no influence on 
distance judgments. Experiment IV 
directly tested the influence of texture on 
relative distance judgments when constant 
familiar size and relative size cues were also 
present. 


EXPERIMENT IV 


Newman (1971) has shown that a pro- 
gressive variation in the packing density of 
the texture elements on a surface along its 
length influenced S's judgments of the 
midpoint. This experiment tested the 
hypothesis that such physical distortions 
in the texture on a surface would influence 
judgments of the midpoint, despite the 
presence of familiar and relative size cues 


to distance. 


Method 


The regular textured surface from Exp. II and 
a further decreasing textured surface were used on 
the same apparatus. The decreasing textured 
surface was cut from hardboard to the same physical 
dimensions as the regular textured surface, but the 
63 alternating black and white stripes were painted 
so that the stripe nearest to S's viewing position 
was 5.08 cm. wide and each successive stripe was 
1/90 narrower than the previous one, making the 
final horizon stripe 2.50 cm. wide. For all judg- 
ments, standard-sized flashlight batteries were used 
as the far and near markers and the table tennis 
ball as the distance bisection marker. Sixteen 
naive adult Ss made distance bisection judgments 
exactly as in Exp. I, but first on the decreasing 


textured surface and then on the regular textured 
surface. The crossover design was abandoned since 
these Ss were also to serve in a different experiment 
in which common prior experience was essential. 
The sequence in which judgments were made was 
arranged so that any repeated judgment effects 
would militate against confirmation of the experi- 
mental hypothesis. 


Rationale and Prediction 


If Ss attempt to equate the number of 
textural units in front of the midpoint with 
the number of similar units behind it, the 
mean distance bisection score on the de- 
creasing textured surface is greater than on 
the regular textured surface (Newman, 
1971). If, however, familiar and relative 
size cues to relative distance overrule the 
influence of texture, a difference in these 
means is not found. 


Results and Discussion 


The mean error in distance bisection on 
the decreasing textured surface was 19.5 
cm. + 14.98 cm. and on the regular 
textured surface was 14.7 cm. + 15.53 cm. 
These means were significantly different, 
for related samples, ¢ (30) = 4.28, and 
r (15) = .96, both ps < .01. 


DISCUSSION AND SUMMARY 


Familiar size and relative size cues to dis- 
tance, either separately or in combination, 
influenced relative distance judgments of the 
position of one object between two others 
when all objects were at different physical 
distances from S. When the information as to 
distance in the texture on the surface over 
which judgments were made was held con- 
stant, relative size cues influenced relative 
distance judgments. When, however, familiar 
size and relative size cues were held constant, 
relative distance judgments were influenced by 
variations in surface texture. 

The finding that relative size cues influenced 
bisection judgments when surface texture also 
provided clear information about the objective 
position of the midpoint does not seriously 
challenge Gibson's (1950) psychophysical hy- 
pothesis. He accepts that a single, static, mo- 
nocular texture density gradient, like that 
available to Ss in these experiments, is an 
ambiguous stimulus corresponding to a family 
of tridimensional arrangements of surface slant 
and spacing of the texture elements (Gibson, 


42 COLIN V. N 


Purdy, & Lawrence, 1955). Until this am- 
biguity is removed by the presence of other 
gradients of stimulation, Ss can, at best, only 
assume that the physical sizes of successive 
texture elements are equal. Such an assump- 
tion, made by Ss in one particular experimental 
situation, might be abandoned in favor of 
alternative assumptions concerning the phys- 
ical sizes of objects on the test surface when 
situational variables in the experiment arc 
altered, and distance information in the 
surface texture remains ambiguous. Gibson's 
theory would be challenged if the familiar 
and relative size cues, found operative in this 
experiment, are still found to influence rela- 
tive distance judgments when these are made 
in unrestricted, natural environments in which 
Ss are permitted binocular vision. [n these 
conditions, the distance information in texture 
density gradients is unambiguous. 

The present results confirm that a single, 
static, monocular texture density gradient 
cannot unequivocally determine relative dis- 
tance judgments. Other sources of distance 
information were found to influence distance 
judgments even when a well-defined texture 
density gradient was present. This suggests 
that texture density gradients may have been 
afforded a place of undue importance in initial 
formulations of Gibson's (1950) theory. 
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EFFECTS OF PRIOR UNCERTAINTY ON INCIDENTAL 
FREE RECALL? 


D. E. BERLYNE* 


AND LORRAIN 


NORMORE 


University ef Toronto, Ontario, Canada 


Subjective uncertainty, induced through blurred pictures, was found to 
facilitate both immediate and delayed incidental recall, but not intentional 
recall, of objects portrayed in subsequent clear pictures. This finding cor- 


roborated those of previous e: 


through prior guessing facilitated incidental paired. 
Further experiments showed the effect to be absent when blurred 


words. 


xperiments, in which the induction of uncertainty 


ociate learning of 


pictures were dissociated from uncertainty or when clear pictures did not 


relieve uncertainty. 


Finally, the effect occurred, whether or not 5 knew, on 


seeing a blurred picture, that the corresponding clear picture would follow. 
Explanations in terms of reinforcement through reduction of epistemic curiosity 
and in terms of attention were discussed. 


In a series of experiments on paired- 
associate learning by Berlyne, Carey, 
Lazare, Parlow, and Tiberius (1968), the 
stimulus terms were Turkish words and the 
response terms were corresponding English 
words. Incidental learning was improved, 
but intentional learning impaired, by pre- 
senting the Turkish word and requiring S 
to guess its meaning just before the appear- 
ance of the two words together. Control 
experiments showed that the facilitation of 
incidental recall depends on the induction 
of subjective uncertainty during the guess- 
ing phase and on the receipt of information 
eliminating the uncertainty during the 
learning phase. ‘The findings were there- 
fore compatible with the view that sub- 
jective uncertainty gives rise to an aversive 
state (epistemic curiosity), whose relief 
through exposure to relevant information is 
a reinforcing condition (Berlyne, 1954, 
1965). An alternative interpretation is that 
uncertainty causes S to attend more in- 
tensely to a response term bearing relevant 
information, so that its retention is favored. 


his investigation was supported by Research 
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search Council of Canada. The data were reported 
by L. F. Normore in a thesis submitted in accordance 
with the requirements for the master’s degree of the 
University of Toronto. The experiments were sug- 
gested partly by some data that Donna M, Borsa 
collected. : 

? Requests for reprints should be sent to D. E. 
Berlyne, Department of I chology, University of 
Toronto, Toronto 5, Ontario, Canada. 


The experiments reported in the present 
article pursued this line of research with 
two major changes in technique. First, 
incidental free recall of pictured objects 
was studied rather than paired-associate 
recall of words. Second, subjective uncer- 
tainty was induced by exposing a blurred 
picture immediately before a clear version 
of the same picture. Experiments by 
Nicki (1968, 1970) indicated that subjective 
uncertainty is an inverted U-shaped func- 
tion of degree of blur. He also showed that 
the presentation of a clear picture after its 
blurred counterpart reinforces a manual 
response more effectively than the sight 
of an unrelated clear picture. Berlyne and 
Borsa (1968) demonstrated that blurred 
pictures induce longer EEG desynchroni- 
zation than clear pictures, but only when 
Ss are uncertain about the objects por- 
trayed in the blurred pictures. The stimu- 
lus material used in the present experi- 
ments was selected from the colored slides 
used by Berlyne and Borsa and the black- 
and-white slides used by Nicki (1968, 
1970). The degree of blur was identical 
with, or close to, the degree that had pro- 
duced maximum uncertainty and maximum 
reinforcing effect in Nicki's experiments. 


EXPERIMENTS I, II, AND III 


The main purpose of Exp. I was to 
compare immediate incidental recall after 
5 sec. of exposure to a clear picture of an 
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TABLE 1 


MEAN NUMBER OF ITEMS RECALLED, 
EXPERIMENTS l-V 


Exp. 
Cond, 
I II HI IV Vv 
(imm.,| (del, | (imm., | (imm., | (imm., 
inc.) inc.) | int.) inc.) inc.) 
Single-Clear 2.5 1.6 | 4.6 
Double-Clear 3.4 | 2.6 | 52 2.8 | 4.0 
Blurred-Clear 4.0 3.2 5.2 3.8 4.2 
Clear-Blurred 2.7 
Unrelated 
Blurred-Clear 3.0 
Note.—Imm, = immediate recall, del. = delayed r 


inc. — incidental learning, and int. — intentional learn 
Total no. of items recalled = 8, 


object with recall after 5 sec. of exposure to 
a clear picture preceded by 5 sec. of ex- 
posure to a blurred picture of the same 
object. However, any superiority of the 
latter condition could be attributed to 
greater duration of total exposure. Con- 
sequently, a third condition was intro- 
duced, consisting of the appearance of a 
clear picture for 10 sec. 

Experiments II and IIl were identical 
with Exp. I, except for the following differ- 
ences. In Exp. II, there was a 24-hr. delay 
between the presentation of the items and 
the recall tests. The Ss were told at the 
beginning of the experiment that two re- 
cordings of galvanic skin response (GSR), 
24 hr. apart, would be needed to investigate 
shifts over time. In Exp. III, immediate 
intentional recall was studied. 


Method 


Subjects —Vhe Ss of Exp. I and II consisted of 
undergraduates taking elementary and intermediate 
There were 21 males and 21 
females in and another 21 males and 21 
females in p. II. Eleven male and 13 female 
summer-session undergraduates taking psychology 
courses participated in Exp. III. 

Data from five additional Ss in Exp. I were dis- 
carded because, when questioned after the experi- 
ment, they said that they had tried to remember 
the objects while looking at the slides. In Exp. Il, 
all of the Ss who reported any effort to remember 
the objects during the 24-hr. interval between the 
training and test sessions were discarded. There 
were 49 of them. 

Stimulus malerial.—Twenty-four pairs of colored 
slides were used, each pair consisting of a clear 


picture of a common object on a plain background 
and a blurred version of the same picture. 

Experimental design.—The 24 items were pre- 
sented to all Ss in the same order. One-third of the 
items appeared in each of the following conditions: 
(a) Single-Clear (the screen blank for 5 sec., followed 
immediately by a clear slide for 5 sec.), (b) Double- 
Clear (a clear slide for 5 sec., followed immediately 
by the same clear slide for 5 sec.), and (c) Blurred- 
Clear (a blurred slide projected for 5 sec., followed 
by a corresponding clear slide for 5 sec.). 

Of each consecutive set of three items, one item 
was presented in each of the three conditions with 
the order randomized. The Ss were divided into 
three groups of 14, such that each item was presented 
in the thre iditions to different groups. 

Procedure-—The Ss participated | individually. 
They were told that the experiment was designed 
to investigate psychophysiological reactions to 
pictures. A GSR electrode connected with a lead 
going to a patch panel in the wall was attached to 
S's dominant hand. It wa splained to S that 
he would sometim clear picture alone, some- 
times a clear picture preceded by a blurred version 
of the same picture, and sometimes a clear picture 
of the same object twice. The Ss of Exp. IHI were 
given the same information, but they were also told, 
before the slides were presented, that they should 
try to remember as many as possible of the objects 
depicted and that a recall test would be given im- 
mediately afterwards. 

The slides were projected by a Kodak Carousel 
Model 550 projector, located just behind S's right 
shoulder, onto a screen 2.5 m. away. The size of 
the image on the screen was 66 X 44 cm. 

After the slides had been presented, the electrode 
was removed, and 5 was asked to write down the 
names of as many objects as he could recall from 
the slides he had just seen. He was subsequently 
asked whether he had tried to guess the identity 
of the objects depicted in the blurred slides, and 
whether he had tried to remember the objects de- 
picted in the clear slides. p 


Results 


The mean numbers of items seen in each 
of the three conditions that were recalled 
by the Ss of the three experiments are 
displayed in Table 1. 

Experiment I (immediate recall, incidental 
learning).—The means for the three con- 
ditions were significantly different, F 
(2, 82) = 12.86, p < .001. A Duncan new 
multiple-range test showed the Blurred- 
Clear mean to be significantly higher 
(p < .05) than the Double-Clear mean, 
which in its turn was higher (p < .01) than 
the Single-Clear mean. 

The findings thus favor the same con- 
clusion as those of Berlyne et al. (1968): 
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The induction of uncertainty before the pre- 
sentation of the information to be retained 
produces a greater improvement in inci- 
dental recall than doubling the length of 
time for which the information is presented. 

Experiment II (delayed recall, incidental 
learming).—The means were significantly 
different, F (2, 82) 18.53, p < .001. 
Duncan's test showed the Blurred-Clear 
mean to be higher than the Double-Clear 
mean (p «.05), and the Double-Clear 
mean to be higher (p < .001) than the 
Single-Clear mean. 

Experiment III (immediate recall, in- 
tentional learning).—The Blurred-Clear and 
Double-Clear means were close together, 
and the Single-Clear mean was somewhat 
lower. Analysis of variance revealed, how- 
ever, no significant difference. We have 
therefore no evidence that the uncertainty- 
inducing treatment favors intentional 
recall. 


EXPERIMENT IV. 


In order to verify that the superiority of 
incidental recall after the Blurred-Clear 
condition was due to the induction of un- 
certainty, it was necessary to see what 
would happen if Ss were given equal ex- 
posure to the blurred and the clear versions 
of a picture in circumstances where the 
appearance of the blurred slide would not 
induce uncertainty. The blurred slide 
was robbed of its association with uncer- 
tainty by a method that Berlyne and 
Borsa (1968), as well as Nicki (1970), used 
to verify that effects they were studying 
depended on uncertainty and not on blur 
as such: The blurred slide was presented 
after the corresponding clear slide. 


Method 


Subject. 
summer-st 
Ss were discarde : 
an effort to remember the stimult 


There were 10 male and 10 female 
ion undergraduates. Two additional 


d because they reported having 
1s material. 


made 1 i ya 
Experimental design and procedure —Twenty 
it common objects on a 


i red slides picturing | ji 
Hes bm were used. The 28 items appeared 


in the same sequence for all Ss, and the pois 
ments were rotated among items in. the lol owing 


2 
manner. For each consec 


utive pair of 4 items, 2 
were presented in the Double-Clear condition, 1 in 


the Blurred-Clear condition, and 1 in the Clear- 
Blurred condition (ie, 5 sec. clear followed by 5 
sec. blurred). TI each item was used in the 
Double-Clear condition for 10 .Ss and in each of the 
other two conditions for 5.Ss. These two restrictions 
were ensured with the help of four randomly selected 
4 X 4 Latin squares. 

The Ss were told beforehand that clear pictures 
would sometimes be preceded, and sometimes 
followed, by blurred versions of the same picture. 
In order to make clear which blurred and clear slides 
were paired, the screen was left blank for 5 sec. 
between consecutive items. Once again, the GSR 
electrodes were applied, and Ss were given no 
reason to expect a recall test. 


Results 


The means are displayed in Table 1, with 
the mean for the Double-Clear condition 
(which occurred twice as often as the other 
conditions) halved to make it comparable 
with the others. Analysis of variance 
showed the three means to be significantly 
different, F (1, 32) = 3.36, p < .05. 
Whereas in the previous experiments there 
were two control conditions, Single-Clear 
and Double-Clear, the Double-Clear treat- 
ment served as a sole control condition in 
this experiment. Consequently, Dunnett's 
(1955) test for comparing several treat- 
ments with a control treatment was applied. 
It showed that the Blurred-Clear mean was 
significantly higher than the Double-Clear 
mean at the .05 level. The Clear-Blurred 
mean was not significantly different from 
the Double-Clear mean and, in fact, 
slightly lower. Consequently, there is no 
indication that exposure to both blurred 
and clear versions of a picture facilitates 
incidental recall when the blurred version 
follows the clear version and S conse- 
quently knows what object it represents. 


EXPERIMENT V 


After Exp. IV had confirmed the im- 
portance of the uncertainty induced by the 
appearance of a blurred slide before a clear 
slide, Exp. V was carried out to investigate 
the necessity of the subsequent elimination 
of uncertainty by the appearance of a corre- 
sponding clear slide. In this experiment, 
the Double-Clear and Blurred-Clear con- 
ditions of previous experiments were com- 


46 D. E. BERLYNE AND LORRAINE F. 


bined with a new condition, Unrelated 
(Unrel.) Blurred-Clear, namely the presen- 
tation of a blurred slide followed by an un- 
related clear slide. 


Method 


Subjects—Data from 13 male and 17 
summer-session undergraduates were analyzed. 
Data from 10 additional Ss were discarded. bec 
they reported efforts to learn the stimulus material. 

Experimental design and procedure. — V wenty-eight 
different colored pictures of common objects on plain 
backgrounds served as stimulus material. Both 
blurred and clear versions of 21 of them were used, 
but only the blurred version of the remaining 7. 
Zach S had seven items in each of the three con- 
ditions. Two of them were Blurred-Clear and 
Double-Clear as in previous experiments. The third 
was Unrel. Blurred-Clear: A blurred slide was pro- 
jected for 5 sec., followed by the clear version of a 
quite different slide for 

In contrast with previous experiments, the three 
conditions were not interspersed but presented in 
successive blocks of seven items. This was necessary 
so that S could be informed about the conditions 
before cach block. Without being told beforehand, 
S could not have known readily which blurred slides 
depicted the same objects as the clear slides that 
followed them and which did not. The 21 clear 
slides appeared in the same order for all Ss. The 
three blocks corresponding to the treatments ap- 
peared in all six possible orders with equal numbers 
of Ss. 


female 


Results 

An analysis of variance showed signifi- 
cant main effects of treatments, F (2, 56) 
= 7.73, p « .01, and phases, / (2, 56) 
= 31.84, p <.001. The latter reflects 
the fact that the items occupying Positions 
8-14 happened to be harder to remember 
than those coming earlier or later. 

The means of the three conditions are 
shown in Table 1. According to Duncan's 
test, the difference between the Blurred- 
Clear and Double-Clear conditions, whic 
had been significant in previous experi- 
ments, failed to reach significance. Both 
the Double-Clear and Blurred-Clear means 
in this experiment were comparable to the 
Blurred-Clear means obtained in Exp. I 
and IV. The grouping together of items 
belonging to the same condition that 
characterized the design of this experiment 
may conceivably have facilitated the re- 
tention of Double-Clear items. The Unrel, 
Blurred-Clear mean was, however, signifi- 


NOR MORE 


cantly lower than each of the other two 
means at the .001 level. So, we have strong 
evidence that the consecutive presentation 
of a blurred and a clear slide does not 
facilitate incidental recall unless the clear 
slide depicts the same object as the blurred 
slide and thus furnishes information capable 
of relieving the uncertainty induced by the 
latter. 


[EXPERIMENT VI 


In all the experiments reported so far, 
whenever the Blurred-Clear condition oc- 
curred, Ss knew that the blurred slide 
would be followed by a clear picture of the 
same object. The facilitation of incidental 
recall could therefore have been due to 
utilization of this forewarning. For ex- 
ample, the sight of a blurred slide might 
mobilize S's attention, making him more 
receptive than he would otherwise be of the 
information contained in the clear slide. 
To test for this possibility, the final experi- 
ment used two groups of Ss. For both 
groups, all items consisted of a blurred 
slide followed by a clear slide, but, in half 
of them, blurred and clear slides depicted 
the same object and, in the other half, they 
did not. The Ss were informed which of 
these two conditions obtained, but, for one 
group, this information accompanied the 
onset of the blurred slide, whereas the other 
group did not receive it until the clear slide 
appeared. 


Method 


Subjects. -Data from 20 male and 20 female 
undergraduates, taking psychology courses during 
the academic year, were analyzed. Seventeen addi- 
tional Ss were discarded, 13 of them because they 
reported efforts to remember and 4 because they 
noticed that corresponding blurred and clear slides 
appeared in different Unrel. Blurred-Clear items. 

Stimulus material,-Whereas colored slides had 
been used in the other experiments, 18 black-and- 
white pairs of slides were used in this one. The 
nine Unrel. Blurred-Clear items were formed by 
pairing cach clear slide with the blurred version of 
another slide in the same set of nine. This ensured 
that both versions of every slide had one exposure 
in the Unrel. Blurred-Clear, as well as in the Blurred- 
Clear condition. 

Experimental design and procedure. 
divided into two groups known respectively as the 


The Ss were 


yn 
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Before group and the After group. The same 24 
items were used as in Exp. I. Half of the items were 
presented in the Blurred-Clear condition and half 
in the Unrel. Blurred-Clear condition, the two being 
interspersed in a randomized order. What was a 
Blurred-Clear item for one-half of each group of Ss 
was an Unrel. Blurred-Clear item for the other half, 
and vice versa. It was explained to S beforehand 
that he would sometimes see a blurred picture fol- 
lowed by a clear version of the same picture and 
sometimes a blurred picture followed by a clear 
version of a quite different picture. A letter S (for 
"same") would denote the former condition and a 
letter D (for "different") the latter. The Before 
group were told that these letters would appear in 
the middle of the base of each blurred slide, and the 
After group in the same position on each clear slide. 
The blurred and clear slides were projected for 5 sec. 
cach with a 5-sec. interitem interval. 


Results 


The means for the four conditions are 
displayed in Table 2. Analysis of variance 
revealed significantly better recall in the 
Blurred-Clear (S) than in the Unrel. 
Blurred-Clear (D) condition, 7 (1, 36) 
= 14.32, p < .001. There was no signifi- 
cant difference between the Before and 
After groups, F (1, 36) = 1.77, and no 
significant interaction between the Before/ 
After and Blurred-Clear/Unrel. Blurred- 
Clear treatments, F < 1. 

We therefore have further confirmation 
of the principal finding of Exp. V, namely 
that incidental recall when a clear picture is 
preceded by a blurred version of the same 
picture surpasses incidental recall when a 
clear picture is preceded by an unrelated 
blurred picture. The effect is, however, of 
comparable strength whether or not S 
knows in advance that the clear picture 
will depict the same object as the blurred 
picture. There is, therefore, no support for 
the view that preparatory mobilization of 
attention before the onset of the clear 
slide is responsible for the effect. 


DISCUSSION 


The findings of all six experiments concur 
With the hypothesis that information is more 
likely to be retained when its initial presenta- 
a relieves subjective uncertainty. The 
did a failed to appear when the blurred slide 

not induce uncertainty or when the clear 


TABLE 2 
, EXPERIMENT VI 
MEAN NUMBER oF [tems RECALLED 


Cond. 
Gnd | E E KA 
Unrelated | Blurred- 
| blurred- | Blurred | Both 
| Clar | | 
Cluc on blurred slide | 4.0 | 49 44 
Clue on clear slide 3.3 4.5 3.9 
Both 3.6 | 47 
Note, Total no, of items recalled = 9, 


slide did not contain information that could 
reduce the uncertainty. As in the previous 
experiments with Turkish words (Berlyne 
et al., 1968), both the phase of uncertainty 
induction and subsequent phase of uncertainty 
reduction were found to be necessary. The 
effect can be interpreted as a matter of rein- 
forcement due to removal of an aversive con- 
dition (satisfaction of epistemic curiosity). 
Alternatively, it may be asserted that sub- 
jective uncertainty makes S especially atten- 
tive to information that does away with 
the uncertainty. As pointed out elsewhere 
(Berylne, 1969, 1970a), psychologists use the 
word “attention” in several different senses, 
some of which make it synonymous with 
"reinforcement" (Berlyne, 1967, 1970b). Con- 
sequently, explanations of our findings in 
terms of epistemic curiosity and in terms of 
attention a according to some usages, 
formally equivalent. Both kinds of explana- 
tion are compatible with the possibility that 
subjective uncertainty facilitates learning by 
promoting verbal, receptor-adjusting, postural, 
or other ‘‘mathemagenic’’ responses (Roth- 
kopf, 1965), which facilitate the intake of 
information. 

At least one kind of explanation invoking 
attention appears to be ruled out by Exp. VI. 
It was found that prior exposure to a related 
blurred picture facilitated recall even when S 
had no way oí knowing whether the cor- 
responding clear picture would follow. The 
effect does not therefore depend on attention 
in the sense of anticipatory mobilization of 
information-assimilating functions. 

Data obtained by Parlow (1970; see Parlow 
& Berlyne, 1971), using the Turkish-word 
paired-associate technique of Berlyne et al. 
(1968), suggest that S's guess may facilitate 
recall by serving as a mediator. After being 
given the stimulus term, S recalled a guess 
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made by himself better than a guess made by a 
yoked-control 5 (presented as a “possible Eng- 
lish translation, which may or might not be 
correct [ Parlow, 1970, p. 36]"). And the re- 
sponse term was more readily recalled in the 
presence of the stimulus term and S's own 
guess than in the presence of a stimulus term 
and a yoked-control S's guess. Free associates 
did not function in this way ; they were recalled 
more often than arbitrarily given words in re- 
sponse to the stimulus term, but, when they 
were paired with the stimulus term, they did 
not facilitate recall of the response term. In 
the present experiments, however, guesses 
could not serve as mediators, since there were 
no stimulus terms. But our Ss invariably 
reported, when questioned subsequently, that 
they had tried to guess the identities of the 
objects depicted in some or all of the blurred 
slides. It is conceivable, therefore, that recall 
of incorrect guesses somehow facilitated recall 
of objects figuring in related clear slides. 

Since subjective uncertainty induced by 
exposure to blurred pictures has been found 
to heighten arousal (Berlyne & Borsa, 1968), 
as have other conditions conducive to uncer- 
tainty (Berlyne, 1971), the effect investigated 
in these experiments might represent reinforce- 
ment through reduction of arousal from an 
aversive level. This is one of two mechanisms 
of reinforcement suggested by available evi- 
dence (Berlyne, 1967, 1971). The epistemic- 
curiosity explanation can, however, stand or 
fall by itself, whether or not fluctuations in 
arousal turn out to play a part. 
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IMPLICIT ASSOCIATIVE RESPONSES IN 
DISCRIMINATION LEARNING 
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Each of 80 Ss learned a verbal-discrimination (VD) list for six trials, Two 
levels of percentage of occurrence of the correct response (100% or 50%) 
were combined factorially with four conditions. In three of these conditions, 
background color was provided which represented the implicit associative 
response to the correct item 100%, 50€; (50% to the incorrect item), or 0% 
(100% to the incorrect item) of the time. The fourth condition had no back- 
ground color and served as a control. The data indicate that percentage of 
occurrence of the correct response was an important variable with perfor- 
mance being reduced considerably at 5045 occurrence. In addition, when 
background color was associated with the incorrect response, performance 
was retarded under the 505% correct response occurrence condition. The 
results were interpreted primarily in terms of the frequency theory of VD 


learning. 


The frequency theory of verbal discri- 
mination (VD) learning (Ekstrand, Wal- 
lace, & Underwood, 1966) states that Ss 
learn a VD list by means of Rule 1: Always 
choose the most frequent item. This rule 
is followed by S unless otherwise instructed 
(Underwood, Jesse, & Ekstrand, 1964). 
One of the responses necessary for learning 
by means of Rule 1 is the rehearsal-of-the- 
correct-alternative response (RCR) (Ek- 
strand et al, 1966). In those cases where 
S has responded with the correct (C) item, 
the RCR adds one frequency unit to the C 
item. However, when S has responded 
with the incorrect (I) item, the RCR, by 
adding a frequency unit to the C item, 
evens the frequency ratio between the C 
and I items. In this manner, learning can 
proceed by use of Rule 1 since the frequency 
ratio can never favor the I item. 

However, Ekstrand et al. (1966) point 
out that the RCR is really necessary only 
in those instances where S has responded 
incorrectly with the I item. Therefore, it 
is entirely possible that learning could 
occur in a VD task without the RCR. If 
this is so, then in contrast to predictions 
from frequency theory, inhibition of the 

! Requests for reprints should be sent to Robert 
W. Newby, Department of Psychology, University 
of Texas at Austin, Austin, Texas 78712. 
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RCR would not lead to any decrement in 
performance. 

If the RCR is to be inhibited, S must not 
be told which item is correct. To accom- 
plish this, percentage of occurrence of 
correct alternative (analogous to percent 
occurrence of response members [% ORM] 
in paired-associate [PA] learning) was 
selected as a variable. ORM has been 
demonstrated to be inversely related to 
difficulty of learning in PA tasks (e.g., 
Goss, Morgan, & Golin, 1959; Schulz & 
Runquist, 1960) even though differences in 
rate of learning between highest and lowest 
percentages have been relatively small. 

If the RCR is an important response in 
VD learning, a reduction in ORM should 
result in competition between the C and T 
items. Under reduced ORM the RCR can 
be made only with a certain percentage of 
pairs, and when it is not made following an 
incorrect response, frequency then becomes 
an unreliable basis for selecting the correct 
response. The reason for this is that incor- 
rect alternatives sometimes will have a 
higher frequency than correct alternatives. 
This should not be the case at 10005 ORM 
since the RCR is made on every trial. 

. Underwood (1965) found that sensory 
impression words failed to elicit IARs 
(implicit associative responses) in a free- 
recall task. However, his Ss were not in- 
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formed of the relationship between the 
sensory impression words. In subsequent 
research, Wood and Underwood (1967) 
and Wood (1968) using a free-recall para- 
digm demonstrated that color-sensory im- 
pression words elicited IARs if Ss were 
given a cue regarding the relationship be- 
tween the words. 

The present experiment was designed to 
determine whether color-sensory impression 
words elicit IARs when appropriate cues 
are present. Frequency theory would 
predict that if color-sensory impression 
words elicit IARs, they should facilitate 
performance when the JARs are associated 
with C items. When associated with I 
items or with both C and I items as in a 
mixed list, there should be an inhibition in 
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performance. If the color-sensory impres 
sions are not elicited as IARs, there should 
be no differences between groups. 

The present experiment was designed to 
test two predictions: A reduction in OR M 
will inhibit the RCR resulting in a reduc- 
tion in performance; color-sensory impres- 
sion words will, when cued, elicit [ARs 
which will facilitate performance when 
associated with C items and will, inhibit 
performance when associated with | items 
or with both € and I items. 


METHOD 


Design.— Two levels of ORM were selected: 100% 
and 50%. At 100% ORM, the C item for each pair 
was underlined on every study trial. At the 50% 
ORM level, two sublists of eight pairs each were 
randomly selected. For Sublist O the C items were 
underlined on odd study trials and not underlined 
on even study trials, and for Sublist E the C items 
were underlined on even trials but not on odd. 

Three levels of percent color correct (PCC) plus 
a control were selected. PCC indicated the per- 
centage of the time that the color of slide was the 
color-sensory impression of the C item. The three 
levels were 100, 50, and 0 PCC, Thus, for example, 
in the 50 PCC group for each pair the color of the 
slide was the color-sensory impression of the C item 
on half the trials and of the I item on the other half 
of the trials. The same background color used in a 
slide was presented on both the study trial and the 
immediately following test trial for all PCC groups. 
The ORM and PCC variables were combined to 
yield a 2 X 4 factorial design (n = 10 per cell). 

The ORM and PCC variables were manipulated 
orthogonally such that within each of the E and 
O sublists in the 50 PCC group at 50; ORM, the 
background colors were appropriate for the C items 
for half the pairs and for the I items for the other 
half of the pairs. The slides used for the Control 
group had no background color. 

Procedure.—The. study-test method was used in 
the experiment; and six test trials on the VD task; 
each preceded by a study trial, were given. A list 
of 32 nouns which elicit color-sensory impressions 
was selected. from Underwood and Richardson 
(1956). The words were paired randomly with the 
restrictions that two words with the same color- 
sense impression were not paired together, and that 
the pairing was balanced over the four possible 
colors. Each S received the same 16-pair list with 
the exception of change of slide color depending on 
experimental condition. 

The list was presented by means of a Kodak 
Carousal 650 projector with an attached timer at a 
3-sec. rate with a 12-sec. intertrial interval for both 
study and test trials, The color was added to the 
slides by means of transparent plastic of the desired 
color. The four colors were red, green, yellow, and 
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Vhe two Control groups had no color added 

A total of 80 Ss from introductory 
ses were run in groups of 5 and were 
randomly igned to each of the eight experimental 
conditions. The Ss were instructed to write the 
correct response for each pair presented in a six- 
page test booklet but were not forced to make a 
choice. After each test trial the page was turned 
and placed face down on the table in front of S. 
No S had previously served in a learning experiment, 
and no S was dropped from the experiment. 


white. 
to their slides. 
psychology cl. 


RESULTS 
Analysis of the data revealed a significant 
effect for ORM with F (1, 72) = 174.43, 
p <.001. It can be seen in Fig. 1 that 
change of ORM from 100% to 50% re- 


sulted in a reduction in performance. Also 
significant was the ORM X PCC inter- 
action with F (3, 72) = 6.75, p <.01. This 


interaction is also presented in Fig. 1. It 
appears that the PCC variable was not re- 
lated to performance at the 100% ORM 
level while it was at the 50% ORM level. 
This was substantiated by separate (non- 
orthogonal) analyses performed at both 
levels of ORM. At the 100% ORM level, 
PCC was not significant, P (3, 36) = 2.09, 
p > .05, but at the 50% ORM level, PCC 
was significant with F (3, 36) = 5.14, 
b < 01. In addition, trials was also signi- 
ficant with 7 (5, 360) = 23.42, p < .001, 
indicating that performance improved over 
the six trials of the VD task. 

There wasalsoa significant Trials X PCC 
interaction, ¥ (15, 360) = 2.51, p < .01. 
As can be seen from Fig. 2, this interaction 
resulted from the fact that the performance 
of the 100 PCC and Control groups im- 
proved at a more rapid rate than did the 
50 and 0 PCC groups. 

Half the correct responses were under- 
lined on each study trial. That is, one 
half of the pairs (O sublist) had their resper 
tive correct responses indicated on Trials 1, 
3, and 5, while the correct responses for the 
other half of the pairs (E sublist) were 
shown on Trials 2, 4, and 6. Thus an addi- 
tional variable, sublist, can be added to 
the analysis. These data are presented 
in Fig. 3. It can be seen from Fig. 3 that 
underlining the correct response during a 
study trial increased performance on the 
subsequent test trial and that failure to 
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which correct response is underlined on odd trials 
(O sublist) and even trials (E sublist). 


underline the correct response decreased 
performance on the subsequent test trial, 
The Trials X ORM X Sublists interaction, 
presented in Fig. 3, was highly significant, 
F (5, 360) = 11.17, p «.001. (In this 
case the 100% ORM groups serve as a con- 
trol for differential sublist difficulty.) From 
Fig. 3 it can be seen that much of the 
variability of this interaction was specifi- 
cally related to differential performance on 
the test trial after the correct member of 
the pair was or was not indicated on the 
immediately preceding study trial. This 
is shown by the Sublists X Odd versus 
Even Trials X ORM interaction (not or- 
thogonal to the previous interaction), 
F (1, 360) = 48.38, p < .001. Finally, the 
Trials X PCC X Sublists interaction was 
alsosignificant, F (15, 360) = 3.20, p < .001. 
Specifically, this latter interaction was ob- 
tained because the alternating character 
of performance shown in Fig. 3 was missing 
in the 50 PCC group of the 50% ORM 
condition, while performance in the other 
three 50% ORM groups was virtually 
identical to that presented in Fig. 3. 


DISCUSSION 


Ekstrand et al. (1966) seemingly give the 
RCR a position of secondary importance in 
their discussion of frequency theory. Accord- 
ing to the authors. the main function of the 
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RCR is to even the frequency ratio of the pairs 
after a Pronunciation Response (PR) has been 
made to the I item. The present results in- 
dicate, however, that the RCR plays an 
important role such that when the RCR is 
inhibited, performance is reduced. This ap- 
parently indicates that unless S is allowed to 
make an RCR on every trial for each pair, the 
learning of a VD list becomes more difficult. 

It will be recalled that 5s were encouraged 
to respond during test trials but were not 
required to do so. Thus on some trials neither 
the correct nor incorrect alternative was 
chosen, and performance was probably lower 
than would have been the case if Ss had been 
required to guess. However, a reliable differ- 
ence between the 50% and 100^; ORM condi- 
tions is found when a forced-choice procedure 
is used (Newby, 1972). In addition, the 
alternating character of performance shown in 
Fig. 3 is maintained under a forced-choice 
procedure (Newby, 1972) and also appears to 
be a replicable phenomenon. 

The increasing and decreasing performance 
which paralleled the inclusion and omission of 
a line under the C item in the 50% ORM con- 
ditions can be accounted for by frequency 
theory. Assume that during study trials Ss 
attend primarily to those pairs in which the 
C item is underlined. If such is the case, 
the frequency units accruing to the pairs in 
which the C item is wot underlined must be 
approximately the same for both C and I items. 
On study trials the frequency difference be- 
tween the C and I items remains constant for 
these pairs but frequency units increase for 
both C and I items, and the same C-I frequency 
difference yields a more difficult discrimination 
resulting in a decrement in test-trial perfor- 
mance. On the next study trial, the C item 
is underlined, differential numbers of frequency 
units accrue to the C and I items, and subse- 
quent test-trial performance increases. 

With the reduction of ORM, the increased 
difficulty of the task forced Ss to look for other 
cues to aid in learning the VD task. This 
resulted in making Ss aware that slide color 
could act as a cue for responding. That is, 
it seems Ss cued themselves to the IARs pro- 
vided by slide color. This supports the find- 
ings of Wood and Underwood (1967) and 
Wood (1968) who demonstrated that Ss use 


sensory impressions as JARs when cued to 
do so. 


Underwood (1965) found that sensory im- 
pressions did not lead to greater recall in a 
free-recall study. The nonsignificant differ- 
ence found at the 100; ORM level between 
the four PCC groups supports his findings. 
However, at the 5065 ORM level the groups 
differed, with the direction of the differences 
being consistent. with predictions from fre- 
quency theory. That is, performance was 
facilitated when TARs were associated with C 
items, inhibited when associated with I or 
both C and I items. 

An alternate interpretation of the effects of 
the PCC variable is suggested by research on 
the effects of imager That is, Ss instructed 
to image the correct member of a VD pair 
learn faster than Ss instructed to image both 
members of the pair (Rowe & Paivio, 1971). 
It may be that in the 50% ORM conditions 
used the background color as a cue to image 
one or both of the members of the pair. When 
the image item was a C item, performance 
was slightly facilitated, but when I items or 
both C and I items (as in the 50 PCC group) 
were imaged, performance somewhat 
impaired. 

From Fig. 2, it is apparent that the 100 PCC 
and Control groups improved in their perfor- 
mance over trials. 


Was 


In neither group is any 
response made to the I item except the pronun- 
ciation response (Ekstrand et al., 1966) which 
is made by chance on the first few trials. 
However, the 50 and 0 PCC groups reached 
their point of maximum performance by Trial 
3, and their performance did not increase 
thereafter. 


This was so because frequency 
was not a reliable cue, yet S continued to use 
Rule 1. In these groups, frequency tended to 
favor the I item because of the IARs provided 
by the slide color or, alternately, because 55 
failed to image only the C item. 

In summary, the following results were ob- 
tained. The RCR is a significant part of VD 
learning and its inhibition results in a marked 
decrement in performance. In addition, color- 
sensory impression words elicit [ARs when 5 
is cued in some manner, i.e., a reduction in 
ORM, but not when S does not need or re- 
ceive a cue. Also when frequency is not a 
reliable cue as in the 0 and 50 PCC groups of 
the 50% ORM conditions, performance in- 
creases relatively slowly. The results can be 
taken as supportive of the frequency theory 
as proposed by Ekstrand et al. (1966). 
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In order to test the predicted interactive elects of motivation and task com- 
plexity, 96 college students solved three concept-attainment problems in a 
2% 3X2 3 factorial design with the variables: (a) stress (experimental 

$9 session videotaped or not videotaped), (5) number of attributes in the concept 
universe (four, six, or eight), (c) number of values per attribute (two or three), 
and (d) successive problems (three of the same type per S). Pulse rates were 
taken five times as a physiological measure of the induced stress. Major results 
were the following: (a) higher pulse rates and a higher proportion of both 
untenable inference and untenable memory hypotheses for the video condition : 
(b) an interaction between stress, attributes, and values for focusing strategy, 
indicating a detrimental effect of stress for the most complex trivalued cight- 
attribute concept universe; (c) a linear incre 1 number of instances to solu- 
tion with increasing attributes; (d) no main elfect of number of values, but 
an Attributes X Values interaction for untenable memory hypothe (e) 
improvement over successive problems only in the most difficult eight-attribute 
concept universes. 


The primary purpose of the following ex- learned responses such as those involved in 
periment was to assess the effect of motiva- the perception of the stimulus display and 
tion, as manipulated by videotaping the comprehension of the experimental in- 
experimental session, upon concept attain- structions, S must learn what attributes 
ment. This videotaping may be considered and/or rules have been designated relevant 
a complex motivational manipulation con- and perhaps learn a general strategy of 
sisting of the stress resulting from the solving the class of such problems; hence a 
presence of a cameraman in addition to Æ, main effect of motivation was predicted, 
the evaluative, "dramaturgical" stress in- with poorer performance for the video- 
volved in being videotaped, and the im- taping condition. As a physiological check 
plication of a permanent record of per- upon the effectiveness of the manipulation, 
formance in the videotape itself. In his pulse rates were taken at five points during 
theory of social facilitation, Zajonc (1965) the experiment. A main effect indicating 
has proposed that initial learning of an higher pulse rates for the video conditions 
activity is hindered by the presence of was expected. 
others, while performance of a well-learned The second purpose was to assess possible 
activity is facilitated by the presence of interactions between motivation and con- 
others. Although concept attainment in- cept complexity, as the social facilitation 
volves the performance of previously well- theory of Zajonc (1965), Hebb-Malmo 
RE arousal theory (Cofer & Appley, 1964), and 

1 This research was supported in part by a grant Hull-Spence drive theory (Logan, 1959) 
from the University of Thnois pe ge „Board would all predict that performance under 
(P. R. L.. principal investigator) and in part by the video condition should become Sti 


Air Force Office of Scientific Research Grant AF 3 2 - 
1161-67 (J.E.M., principal investigator). Apprecia- creasingly poorer relative to performance 


tion is expressed to Peter Wallner and James J. under the nonvideo condition with increas- 
Parral for serving as cameramen 1n the video ing concept complexity. As a test of this i 
conditions. icd : = 
r : redictior 5 vas orthog 
? Requests for reprints should be sent to Patick P T i 9 1, concept complexity W am 3 
R. Laughlin, Department of Psychology, University OPANY varied by concept universes co - 
of Illinois, Psychology Building, Champaign, Illinois sisting of four, six, or eight total attributes: 


61820. with two or three values per attribute- 
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This also enabled a determination of the 
main effects of these two independent 
manipulations of concept complexity and 
their interaction. The main effect of values 
was of particular interest, since no previous 
research with a selection paradigm has 
varied the number of values per attribute 
for a constant number of attributes and a 
positive focus instance (Miller, 1971). 
Since the number of possible hypotheses 
with a positive focus is determined solely 
by the number of attributes, irrespective of 
the number of values per attribute, the 
main effect of values was predicted to he 
nonsignificant. 


METHOD 


Design and subjects.—The experimental design was 
à 2X3 X2 X3 factorial with repeated measures 
on the last variable. The variables were the follow- 
ing: (a) stress (experimental session videotaped or 
not videotaped), (6) number of attributes (four, six, 
or eight), (c) number of values per attribute (two 
or three), (d) successive problems (three of the same 
type for each S). The Ss were 48 male and 48 female 
introductory psychology students at the University 
of Illinois, fulfilling course requirements for experi- 
mental participation. Four of each sex were ran- 
domly assigned to each of the 12 between-Ss con- 
ditions of the design. One male and one female E 
(the second and third authors) each ran 2 male and 
2 female Ss within each condition, so both the sex of 
S and the sex of Æ were completely orthogonal in 
the design. 

As an additional control, the entire experiment 
was run in two successive blocks of 48 Ss, with 1.9 
in cach of the 48 unique stress-attribute-value-sex- 
of-S-sex-of-E conditions. Two sets of three prob- 
lems each were randomly selected, and one of 
these problem sets was run in the first block of 48 
Ss and the other in the second block. Since all Ss 
were randomly assigned to conditions (within the 
sex constraints), the experiment may be considered 
a randomized blocks design with two blocks, con- 
sisting of a composite of the two different problem 
sets, systematic effects such as learning or fatigue 
in the Es over time, and systematic S effects over 
time. The SSitocks was subtracted from the 
SScrrorthetweon) for all dependent variables, resulting 
in a MScrrorthetweeny With 83 degrees of freedom 
rather than 84. ss 

Procedure and instructions. — Vhe 
stances were generated by a variation of Hutten- 
locher's (1962) selection procedure. The sat ata 
table before two rows of four, six, or eight 10.16 
X 15.24 cm. cards. The top row of cards consisted 
simply of the numbers 1-4, 1-6, or 1-8, and served 
to identify the attributes of the cards in the second 
row by ordinal position. Each attribute (ordinal 
position) had the values of a plus or minus sign in 


concept in- 


the bivalued concept universes, and a plus, minus, 
or zero sign in the trivalued universes, The second 
row consisted of four, six, or eight plus, minus, or 
zero signs according to the particular concept uni- 
verse and constituted the known initial positive 
focus or instance of the concept. These signs were 
all lettered in green ink, so the given positive focus 
instance was referred to as the "green row." De- 
pending upon the particular number of attributes 
and values in the concept universe, there were two or 
three piles of four, six, or eight plus, minus, and zero 
gns lettered in red ink on 10.16 X 15.24 cm. cards. 
The S generated concept instances by placing what- 
ever one of these red signs he desired under each 
ordinal position or attribute. When S$ had gener- 
ated a concept instance, or “red row,” E said yes 
or no to indicate whether it was a positive or 
negative instance of the concept. The S then stated 
one (only) verbal hypothesis indicating what he 
considered the correct concept to be. The E then 
said yes or no to indicate whether or not the hypoth- 
esis was correct. A correct hypothesis solved the 
problem, while if the hypothesis was not correct S 
generated a second instance by arranging the appro- 
priate signs in each ordinal position (attribute) of 
the red row. This cycle of instance generation, feed- 
back on the instance, one hypothesis, and feedback 
on the hypothesis continued until S verbalized the 
correct hypothesis, which was the criterion of suc- 
cessful conceptual performance. 

The problems were conjunctive concepts with two 
relevant attributes (e.g., “one plus and four zero"). 
Two sets of three problems each were randomly 
selected within cach of the six attribute-value con- 
cept universes, and the initial instances (green 
rows) were randomly selected from the subset of 
possible positive instances for each concept. The 
same problems for a given concept universe were 
used for both stress conditions. 

The instructions thoroughly explained with an 
example the nature of the task and the conjunctive 
rule, and explained the procedure just indicated. 
The S was informed that he would have three, two- 
attribute conjunctive problems and that the correct 
values of each attribute were on the given initial 
positive instance (green row). It was emphasized 
that the problems were to be solved in as few in- 
stance generations as possible, regardless of time. 

In the video conditions, the cameraman (always 
male) began videotaping S's performance after the 
conclusion of the instructions. The Ss were simply 
informed that the session was being videotaped in 
order to obtain a record of performance. In all 
conditions, pulse rates were taken at the radial 
artery on the wrist five separate times by E. Pulse 
rates were measured by the number of seconds re- 
quired for 20 beats rather than the usual method of 
counting beats within a fixed time interval, as this 
method requires E only to count 20 beats, then stop 
his watch and record, rather than to count beats 
while watching time. This measure was later con- 
verted to beats per minute. 

Summary sequence of events.—In summary, the 
sequence of events was as follows: (a) S enters and 
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TABLE 1 
MEAN NUMBER OF IN: s TO SOLUTION, PROPORTION or Us HYPOTHE AND 
TOCUSING STRATEGY, FOR THREE PROBLEMS AND TOTALS OV ZE PROBLEA 
x "T | Instances to solution Untenable hypotheses Focusing strategy 
aubes | values | Problem’ | NN = - = c 
Video | No video | Video Video No video 
1 £ | TY [| 2350 | 2B 15 48 | 30 
2 4.38 | 2.88 31 46. | 34 
3 3.88 3:00 | 22 | 36 | 40 
"Total 10.75 8.00 | 12 | 70 1.04 
3 1 2.50 2.75 16 X» f 37 
2 2.88 2.63 Br .29 19 
3 3.13 3 .19 AS | AS 
Total 8.50 | A9 9. | 40 
6 2 1 5.25 38 24 EE 32 
2 3.75 8 .05 E 54 
15-9 143 ) AT 63 48 
Total 13.13 14. AT 1.45 1.53 
3 1 3.25 3 .16 A0 .50 
| 2 5.13 5.25 19 | 25 29 
3 6.63 4.38 26 | 20 ER) 
l'otal 15.00 12.75 .61 | 85 1,22 
8 E: | 1 | 9.88 6.63 33 | EE 33 
| 2 5.75 Tis .08 | EVI 39 
| 3 4.62 5.63 03 .65 3 
Total 20.25 19.38 -34 1.56 .95 
3 1 9.00 | 4.75 EI 18 A3 
2 | gee | 338 | a 39 | 58 
3 3.38 | 4.25 | 09 32 AT 
| | Total | 16.25 | 12.38 .62 49 | 1.48 


is seated; (b) first pulse rate is taken; (c) concept 
attainment instructions are given; (d) videotaping 
begins in stress conditions; (e) second pulse rate 
is taken; (f) first concept problem is given; (g) third 
pulse rate is taken; (k) second concept problem is 
given; (i) fourth pulse rate is taken; (j) third con- 
cept problem is given; (k) videotaping ends; (J) 
fifth pulse rate is taken; and (m) debriefing occurs. 
The video equipment and cameraman were in the 
room from the beginning to the end of the experi- 
ment, and the cameraman simply stood at the 
camera until he began videotaping. Both camera 
and cameraman were absent entirely in the nonvideo 
conditions. 


RESULTS 


Means for the three major dependent 
variables of number of instances to solu- 
tion, proportion of untenable hypotheses, 
and focusing strategy are given in Table 1. 

Pulse rute.—The main effect of stress was 
highly significant, F (1, 83) = 12.61, p< 
.001, with higher pulse rates for the video 
condition. Thus, as a manipulation check, 
this physiological measure indicates that 
the motivational manipulation was suc- 
cessful in inducing stress experimentally, 
apart from the effect of this induced stress 


upon performance. Neither the main effect 
of attributes nor values, nor any of their 
interactions, were significant, indicating 
that concept complexity per se was not a 
motivational manipulation. The main 
effect of the five successive pulse measure- 
ments was significant, / (4, 336) = 10.14, 
p < .001, as was the Successive Pulse 
Measurements X Stress interaction, F 
(4, 336) = 4.98, p< .01. The simple 
main effects of successive measurements for 
levels of stress indicated significant dif- 
ferences between the five pulse measure- 
ments for the video condition, / (4, 336) 
—13.87, p < .001, but no differences for 
the nonvideo condition. Within the video 
condition, Newman-Keuls comparisons in- 
dicated a highly significant (p < .001) in- 
crease from the first to the second mea- 
surement of pulse rate as a function of the 
concept attainment instructions and be- 
ginning of videotaping. Since no com- 
parable effect occurred in the nonvideo 
condition, this is a further indication of the 
effectiveness of the video manipulation in 
inducing stress or arousal. In comparison 
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to this peak level of arousal on the second 
pulse rate, there was a significant decrease 
on each of the three subsequent pulse 
measurements, but the arousal level on the 
fifth measurement (after the videotaping 
ended) was still significantly higher than 
the initial level. 

Number of instances lo solution.—The 
main effect of stress was not significant, 
F (1, 83) — 1.59. The main effect of at- 
tributes was highly significant, F (2, 83) 
217.15, p «.001. Means for concept 
universes with four, six, and eight at- 
tributes were 8.94, 13.78, and 17.06, re- 
spectively, and by Newman-Keuls com- 
parisons all three pairs of means differed 
from each other (p < .001). Thus, per- 
formance decreased linearly with increasing 
numbers of attributes in the concept 
universe. Neither the main effect of values 
nor any of the interactions were significant. 

The main effect of successive problems 
was not significant, but there was a sig- 
nificant Problems X Attributes interaction, 
F (4, 168) = 6.52, p < .001. The simple 
main effects of problems for levels of at- 
tributes indicated significant change over 
problems only for eight attributes, F 
(2, 168) = 11.43, p < .001. Means within 
the eight-attribute concept universe were 
7.56, 5.03, and 4.47 for Problems 1, 2, and 3, 
indicating significant improvement from 
Problem 1 to Problems 2 (p < .001) and 
3 (p < .001), with no difference between 
Problems 2 and 3. 

Proportion of untenable hypotheses.—Each 
hypothesis was classified as tenable or un- 
tenable, or logically consistent or incon- 
sistent with available information. With 
the conjunctive rule and two relevant at- 
tributes there were two types of untenable 
hypotheses: (u) Both values of the hy- 
pothesis appeared on a previous negative 
instance; (b) either of the other value(s) 
of either attribute of the hypothesis ap- 
peared on a previous positive instance (e.g., 
the hypothesis "one plus and two minus 
would be untenable if either a one-minus- 
or-zero or two-plus-or-zero instance had 
been positive). Hence, a hypothesis had to 
be consistent with both the current instance 
and all previous instances in order to be 


tenable, so the measure subsumed both the 
"perceptual-inference errors" (responses in- 
consistent with the current instance) and 
“memory errors" (responses consistent with 
the current instance, but inconsistent with 
any previous instance) of Cahill and 


. Hovland (1960). The number of untenable 


hypotheses on each problem was divided by 
the total number of instances to solution on 
that problem to obtain the proportion of 
untenable hypotheses. 

"The main effect of stress was significant, 
F (1, 83) = 12.12, p « .001, with more un- 
tenable hypotheses for the video conditions. 
Neither the main effects of attributes nor 
values nor any of the interactions between 
stress, attributes, and values were sig- 
nificant. Although the main effect of suc- 
cessive problems was not significant, there 
was a significant Problems X Attributes 
interaction, F (4, 168) = 2.52, p < .05. 
Only the simple main effect of problems for 
eight attributes was significant (p < .05), 
with means of .20, .11, and .08 for Prob- 
lems 1, 2, and 3, indicating a higher pro- 
portion of untenable hypotheses for Prob- 
lem 1 than Problem 3 (p < .05) and no 
difference between Problems 1 and 2, or 2 
and 3. Thus, as with the number of in- 
stances to solution, there was improvement 
over successive problems only in the most 
difficult eight-attribute concept universe. 

Proportion of untenable perceptual-infer- 
ence hypotheses and proportion of untenable 
memory hypotheses.—As previously noted, 
the proportion of untenable hypotheses 
included both hypotheses that were incon- 
sistent with the current instance and hy- 
potheses that were inconsistent with any 
previous instance although consistent with 
thecurrentinstance. Accordingly, separate 
analysis of variance were conducted for 
each of these two types of untenable 
hypotheses. The results for these analy- 
ses were virtually indentical to those for 
the overall proportion of untenable hy- 
potheses, with the single exception that 
the Attributes X Values interaction was 
significant for untenable memory hypothe- 
ses, F (2, 83) — 3.62, p « .05. Analyses 
of the simple main effects of attributes 
for levels of value indicated that there 
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was no difference between four, six, and 
eight attributes for bivalued concept uni- 
verses, while the simple main effect of at- 
tributes for trivalued concept universes 
was significant, F (2, 83) = 3.74, p <.05. 
Means for four, six, and eight attributes 
were .05, .13, and .14, indicating a greater 
proportion of untenable memory hypothe- 
ses for trivalued concept universes with six 
(p < .05) or eight (p < .05) attributes 
than four, with no difference between six 
and eight. Thus, there were more un- 
tenable memory hypotheses with increas- 
ing attributes for trivalued concept uni- 
verses but no effect for bivalued concept 
universes. 

In summary, the more detailed analyses 
of subtypes of untenable hypotheses gave 
no further information beyond the overall 
analyses, except for the Attribute X Value 
interaction for memory hypotheses. The 
video manipulation resulted in a significant 
increase in both inference and memory 
errors, while both the number of attributes 
and the number of values had no effect in 
themselves but an interactive effect on un- 
tenable memory hypotheses. 

Focusing strategy.—Focusing strategy was 
scored according to two rules: Rule 1, in 
which each instance had to obtain informa- 
tion on a new attribute and Rule 2, in 
which the hypothesis had to be tenable. 
New information was obtained if the in- 
stance altered only one attribute not 
previously proven irrelevant (conservative 
focusing), or, if more than one attribute 
was altered (focus gambling), the instance 
was positive or the ambiguous information 
on a negative instance was correctly re- 
solved on the next instance by altering only 
one attribute. Scoring rules for untenable 
hypotheses have been given above. The 
total number of instances that satisfied 
both of these two rules was divided by the 
total number of instances on the problem 
to obtain a continuous focusing score from 
00 to 1.00. 

None of the main effects of Stress, at- 
tributes, or values, nor the three, two-way 
interactions were significant. However, 
there was a significant Stress X Attributes 
X Values interaction, f (2, 83) = 3.56, 


p < .05. Further analyses of this inter- 
action indicated that the only significant 
simple interaction effect was Stress X 
Values for 8 Attributes, / (1, 83) = 6.42, 
p < .025. Means for the four stress-value 
conditions with eight attributes were video- 
two — .26, nonvideo- 
two = .32, and nonvideo-three = .49, 
The simple, simple main effects for these 
four means indicated significantly more 
focusing for two-value than three-value 
concept universes for the video condition, 
F (1, 83) = 4.50, p < .05, with no sig- 
nificant difference between two and three 
values for the nonvideo condition. ‘Thus 
stress resulted in less focusing only in the 
most complex eight-attribute, trivalued 
concept universe. The results for focusing 
strategy therefore supported the predicted 
Motivation X Concept Complexity in- 
teraction, but only at the highest level of 
concept complexity. 

Neither the main effect of successive 
problems nor any of the interactions with 
problems were significant, 


.52, video-three = 


DISCUSSION 


The major result of the experiment was 
poorer performance under the video condition 
for both overall untenable hypotheses and the 
two component measures of untenable infer- 
ence hypotheses and untenable memory hypoth- 
eses. increased there were a greater 
number of logical errors, both those in relation 
to the current instance and those in relation to 
previous instances. The results for inference 
errors are particularly important in indicating 
the detrimental effect of motivation or stress 
upon performance, since previous research has 
found very few inference errors in relation to the 
number of memory errors (Bourne, Goldstein, 
& Link, 1964; Cahill & Hovland, 1960). The 
failure to find a difference in number of in- 
stances to solution as a function of motivation 
may be interpreted as indicating the greater 
sensitivity of the measures of proportion of 
untenable hypotheses than the number of 
instances to solution, since the proportions 
control for lucky hypotheses before all hy- 
potheses except the correct answer have been 
eliminated. A comparable result was obtained 


in another large factorial study (Laughlin, 
1969). 
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Although the main effect of stress was not 
significant for focusing strategy, there was a 
significant Stress X Attributes X Values in- 
teraction for the most complex trivalued eight- 
attribute concept universe. Thus, the pre- 
dicted Motivation X Concept Complexity in- 
teraction was obtained, but only at the highest 
level of concept complexity and for only one 
of the dependent variables. Since both this 
interaction and the main effect of stress were 
predicted from Zajonc's theory of social 
facilitation, both results support the theory. 
The interaction would also be predicted by 
both Hebb-Malmo arousal theory and Hull- 
Spence drive theory, so the results are equally 
supportive for these two theoretical positions. 

There was a linear decrease in performance 
as measured by the number of instances to 
solution as a function of increasing attributes. 
This would be expected because the number of 
possible hypotheses increases directly with the 
number of attributes. However, there was no 
decrease in performance for either the measures 
of untenable hypotheses or focusing strategy, 
which indicates that the problems were solved 
equally logically at all levels of attributes. 
Again, this indicates the greater sensitivity of 
the measures of untenable hypotheses since 
they are based on proportions of tenable, 
untenable hypotheses rather than the total 
number of instance selections only. The 
results for the number of instance selections 
are in accord with a large amount of previous 
research in which the number of irrelevant 
attributes increased with a constant number of 
relevant attributes (see Laughlin, 1971, for 
references). 

In contrast to the strong effects of increasing 
numbers of attributes on instances to solution, 
the main effect of two versus three values was 
not significant. This was expected because 
with a positive focus the number of possible 
hypotheses is completely determined by the 
number of attributes, irrespective of the num- 
ber of values. In contrast, increasing values 
per attribute would be expected to decrease 
performance for either a negative focus or no- 
focus condition, in which the number of possi- 
ble hypotheses is a function of both the num- 
ber of attributes and the number of values, 
and such results were obtained by Battig and 
Bourne (1961) and Overstreet;and Dunham 
(1969), However, even with the positive 
focus the number of values did result in poorer 


performance at the higher levels of numbers of 
attributes. 

Finally, although the main effect of succes- 
sive problems was nonsignificant for all de- 
pendent variables, there was a significant 
Problems X Attributes interaction for four 
different variables, indicating improvement 
over successive problems only for the most 
difficult eight-attribute concept universe. The 
general conclusion from both this and com- 
parable previous results (Laughlin, 1969) 
seems to be that positive interproblem trans- 
fer occurs with a selection paradigm only at 
the higher levels of problem difficulty. 
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PARALLEL AND SERIAL PROCESSING IN 
TACHISTOSCOPIC RECOGNITION: 


TWO MECHANISMS! 
DICK? 


A. O. 


University of Rochester 


The existing data in tachistoscopic recognition suggest the existence of parallel 


and serial processes. 
of visual noise mz 
serial mechanism. 


Two experiments were carried out to examine the effects 
ng on a parallel mechanism and postexposure cuing ona 
Since both manipulations were found to be effective in the 


same experiment, it was concluded that two mechanisms are operative. 


In a multi-item tachistoscopic display, 
accuracy is not consistent across the array 
of items. In the typical experiment, letters 
in peripheral retinal locations are reported 
more accurately than letters in more central 
positions. Woodworth (1938) suggested 
that the phenomenon was due to "spatial 
masking" created by adjacent letters.? 
The existence of performance inequalities 
within a display is well established, al- 
though the specific relation of position to 
accuracy varies from experiment to experi- 
ment. One implication of this result bears 
on the kinds of processing that underlie 
performance on tasks of this sort. Be- 
cause simultaneously presented elements 
seem to interfere with each other, the 
inference must be that some parallel 
processes are taking place. It is doubtful 
if such effects are of retinal origin, since 
spatial masking does not depend on the 
physical spacing between items (e.g., 
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? Requests for reprints should be sent to A. O. 
Dick, Department of Psychology and Center for 
Visual Science, University of Rochester, Rochester, 
New York 14627. 

3 Although this paper discusses problems asso- 
ciated with backward masking and spatial masking, 
no attempt is made to evaluate theories of masking, 
per se, or to integrate the phenomena. Rather, 
spatial masking is used as an example and backward 
masking asa technique. See Townsend, Taylor, and 
Brown (1971) for a brief review and further data 
on spatial masking. 
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Harcum, 1964). Parallel processes 
visual analysis are to be expected, 
course, since the input is parallel. 

Just the spatial masking effects 
imply parallel processing, many other data 
suggest that portions of visual analysis are 
done in a serial manner. Since the studies 
of Sperling (1960), the evidence showing a 
rapid decline in accuracy during the first 
sec. following termination of a visual 
display has been interpreted as support for 
a serial mechanism. That is, if all of the 
items were processed simultaneously, there 
would be no decline in accuracy as a func- 
tion of delay as long as analysis of the items 
commenced immediately. Since a decline 
is obtained, however, it is more likely that 
this procedure reflects serial mechanisms. 
The act of responding, obviously, must be 
à serial process since language and verbal 
behaviors are organized in a serial manner. 

In tachistoscopic recognition, input is 
parallel and output is serial. At some 
point the multiple parallel input must be 


as 


converted into a sequential mode for 
multiple output. Since the position effect 
reflects parallel phenomena and post- 


exposure cuing apparently reflects serial 
phenomena, it would seem consistent to 
suggest that two different mechanisms are 
involved. The relation of these two hypo- 
thetical mechanisms was explored in the 
present experiments. The logic of the 
experiments was as follows: Accuracy of 
report of part of a display should depend 
upon the total number of items available 
in the display. A visual noise mask can 
alter accuracy presumably by changing the 
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number of available items. Thus, if a 
visual noise mask is added to one part of 
the display, accuracy should increase on 
other parts because the mask should reduce 
the number of available items and thus 
reduce the total amount of necessary pro- 
cessing. Further, the greater the number 
of unreported items masked, the higher 
should be the accuracy. This predicted 
outcome would support a. parallel mecha- 
nism by way of altering the amount of 
spatial masking. 

By contrast, the use of a postexposure 
indicator yields evidence about decay 
characteristics of information in the visual 
system and serial properties of the system. 
Since this is postulated to be different from 
spatial masking, the amount of decay 
observed should not be altered by a reduc- 
tion in the amount of spatial masking. 
In short, increasing the number of items 
masked should increase accuracy but 
delaying a report cue should decrease 
accuracy, and both effects should be ob- 
served simultaneously. These predictions 
were tested in two experiments in which 
three rows of letters were presented and S 
asked to report one of them. The specific 
hypotheses were tested by manipulating the 
number of rows masked, the delay of the 
mask, and the delay of the report cue. 


EXPERIMENT I 
Method 


Ss were 24 summer students at 
Lake For ul were volunteers. 
Stimulii—Three sets of 24 cards were prepared by 
placing Deca-Dry Lettering (Style #2736) on white 
cards. There were 12 letters per card with no 
repetitions; letters were randomly drawn with the 
requirement that no letter appear twice in the same 
sequence. The 12 letters were arranged in three 
rows of four with each letter subtending a vis al 
angle of 27’ and the entire display subtended an angle 
of 2930' x 2930'. Patterned masks consisting of 
cross-hatching were prepared with India ink and a 
Leroy pen. A template was used to draw the lines 
evenly spaced. When viewed in the tachistoscope, 
the grid subtended an angle of .5° X 3?40". Two 
sets of 48 masks were prepared; each incorporated 
zero, one, or two grids in every possible combination. 
Procedure.—The stimuli were shown in a Scientific 
Prototype three-field tachistoscope. The letters 
were presented in Channel 1 for 50 msec. and the 
masks in Channel 2 for 75 msec. The blank field 
was used to provide an adapting field (about 8 ftl.) 


Subje 


containing a small black fixation point. The fixation 
point was centered midway in the middle row and 
was present at all times except when one of the other 
stimuli was Shown. Under the no-mask condition, 
a blank card was flashed in place of the grid. This 
control is necessary because S can detect the switch 
from one field to another in the tachis oscope and 
this switch may have a disruptive effect on 
performance. 

Design.—A partial-report procedure was used in 
which S was presented three rows of letters and 
asked to report part of the display, i.e., one of the 
rows. Coded auditory tones were used as report 
cues; a high tone (1,000 Hz.) indicated report of the 
top row, a middle tone (400 Hz.) report of the middle 
row, and a low tone (200 Hz.) report of the bottom 
row. The interval between the termination of the 
target and the initiation of the tone was either 0 or 
200 msec. A visual mask was used and either 
followed the stimulus display immediately (0 msec.) 
or after a delay (200 msec.). The number of rows 
that were masked was also a variable with zero, 
one, and two of the three rows being masked. 
For a given row to be reported, e.g., top, this neces- 
sitates four masks: no mask (a blank card); one grid 
on the bottom row; one on the middle row; two 
grids, one each, on the middle and bottom rows. 
"Thus, there were four variables involved: (a) de- 
lay of the report cue (tone), (5) delay of the mask, 
(c) row reported, and (d) row masked. This con- 
stitutes a total of 48 experimental conditions. Each 
S was tested on two randomized blocks of these 
48 conditions, giving a total of 96 experimental 

ials. In addition, each S s given 24 free-recall 
prior to the experimental testing. 
S reported the letters verbally. 


Results and Discussion 

The number of letters correctly reported 
was used as the dependent measure in a 
number of analyses. One overall analysis 
of variance (Ss X Number of Masks X De- 
lay of Tone X Delay of Mask X Row 
Reported) was carried out which showed 
(a) all main effects to be significant 
(p «.001) and (b) the interactions of 
Number of Masks X Delay of Mask, 
Number of Masks X Row Reported, and 
Delay of Mask X Row Reported (all 
with p < .001). A second set of analyses 
involved separating the data into three 
categories according to the number of 
rows masked. The mean squares for 
these three analyses are presented in 
Table 1: The characteristics of the overall 
analyses are preserved in Table 1 in that 
comparisons across a row yield an index 
of the relative contributions of each vari- 
able relative to the number of rows masked. 
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FABLE 1 


MODIFIED Source TABLES FOR EXPERIMENTS | AND [Ez IN TRIES Ml MEAN SQUARES 


Report unmasked! 


Source 
No One 
if mask mask 
Total 287) 350 — (415) 
Delay of mask (DM) 1 SNO — 58.00 
Error (DM X Ss) 23. 1;87 3.08 
Delay of Tone (DT) 1) 8.08 6.67 
Error (DT x Ss) 23| L33! 197 
Row Reported (R) 2| 61.56 | 101.72 
$i (M vs. T + B) 1| 25:11 | 30.38 
oe (T vs. B) 1 48.00 .— 164.00 
Error (R X Ss) 16. $5.50 3.26 
DM X DT 1| 6.12 2.25 
Errror (DM X DT x Ss) 23| 3.46 1.45 
DM XR 2 4.35 2.94 
di (M vs. T + B) 1| (8.51 1.06 
$3 (T vs. B) 1 19 1.82 
Error (DM X R X Ss) 16 L62 2.00 
DT XR 2) 6.51 
$i (M vs. T + B) 1 .01 
$2 (T vs. B) 1) 13.02 
Error (DT X R X Ss) 46 1.88 
2 1.12 
3 3 1 2.25 
ps (T vs. B) 1 EDI 
Error (DM X DT X R X Ss) 46. 142 


Note. 


T = toy row, B = bottom row, M = middle row, 


In Fig. 1 are shown the effects of the 
number of masks, the delay of the mask, 
and delay of the tone. From the figure it 
is clear that there is little difference be- 
tween no mask and one mask on overall 
performance. Part of this lack of differ- 
ence is due to the fact that the one-mask 
condition actually contains two conditions. 
For example, if the top row was reported, 
either the middle or the bottom row might 
be masked. There should be less facilita- 
tion, in this case, by masking the bottom 
row than by masking the middle. A more 
detailed analysis suggests that the single 
mask is more effective if it falls on an ad- 
jacent row than if it is removed by a row. 
Therefore, as displayed in Fig. 1, the con- 
dition with one mask underestimates the 
beneficial effect of masking. 
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5418 275 LSI (5.79) 183 143 (1.20) 
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The two-row masked condition shows 
clearly the benefit of the masking stimulus 
and the effects of delaying the cue. There 
is, however, a confound in this condition. 
Having two rows masked immediately 
constitutes a complete (but negative) visual 
cue, because Ss were told that they would 
not have to report a row that was masked. 
This would be especially true for the case 
in which there were two masks occurring 
immediately after the display. The general 
effect of redundant cuing should be to 
reduce the magnitude of the decline in 
accuracy due to delaying the tone. Never- 
theless, the data indicate that the tone has 
an effect since a delayed tone produced 
lower accuracy than an tone 


zi immediate 
(Table 1). 
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EXPERIMENT II 


In Exp. l, the occurrence of the mask 
could have provided information about 
which row to report since Ss were instructed 
that they would not have to report a 
masked row. This problem was eliminated 
in the second experiment by requiring 
report of all possible combinations, that is, 
sometimes S was asked to report a row 
that had been masked. 


Method 
s.—The Ss were 23 undergraduates at the 


Subjects. i 
University of Rochester taking an introductory 
course in psychology. Participation in the experi- 
ment fulfilled part of the class requirement. All Ss 
were tested on a Snellin chart for visual acuity prior 
to participation in the experiment. 

Stimuli.— The stimuli were some of those used in 


Exp. I. 

Procedure.— V he stimuli were presented in a Ger- 
brands three-field tachistoscope. The balance of 
the procedure was identical to Exp. Il. The visual 
angle of the display was 3°20' X 3°20’ shown at a 
background luminance of about 2 ftl. The exposure 
durations for both the mask and stimulus were 50 


msec. 


condition, the mask delay refers to the delay in switching to a blank 


Design.— The four variables of Exp. 1 were fac- 
torially manipulated in the experiment. These con- 
sisted of (a) the seven different masks, (b) the three 
different rows that could be reported, (c) the delay 
of the report cue, and (d) the delay of the mask. 
Altogether, this gives 84 experimental combinations; 
the increase in conditions is due to the report of 
masked rows. To achieve this, 42 stimulus cards 
were presented twice; Ss were cued to report differ- 
ent rows on two occasions, however. In addition, 
each .S was given 12 practice trials before presenta- 
tion of the experimental conditions. In all cases, 
Ss reported the letters verbally. 


Results and Discussion 

As in Exp. I, two sets of analyses were 
applied to the number of letters correctly 
reported. The mean squares for the in- 
dividual analyses on each of the masking 
conditions are presented in Table 1, the 
means are shown in Fig. 2 and Table 2. 
An analysis of variance applied to the 
data for unmasked row report showed the 
following effects to be significant: delay of 
the cue, delay of the mask, the number of 
rows masked, and the row reported 
(b < .01). In addition, virtually all of 
the interactions involving the row re- 
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Cue Delay 
200 

o O msec 

o 200 msec 

m O msec 
aia 6 200msec 


Mean Number of Letters Reported (Out of 4) 


Pd 
3.00 
mE ~ M EN 
1.00 
o 200 fe) 200 Oo 200 
[9] I 2 
Delay of Mask (msec) 
Number of Rows Masked 
Fic. 2. Mean accuracy of report as a function of delay of the mask and 


number of rows masked. (Delay of the cue is the parameter. Filled symbols 
represent report of masked rows; open symbols report of unmasked rows. As 
in Exp. I, delay of the unmask condition refers to the delay of a blank field.) 


ported were significant (p < .01) as in 
Exp. I. Most of these interactions are 
due to the fact that there is a bias toward 
the middle row where the fixation point 
was located and a slight bias away from 
the bottom row.  Manipulations of the 
type of mask and mask delay dramatically 
change the relation of these biases. The 
data indicating the bias of row reported 
may seem to be a confounding result, but 
it is an important one to which the dis- 
cussion will return. Before discussing the 
general implications, it is appropriate to 
consider some of the other effects in detail. 

The greater the amount of the display 
that is masked, the higher the performance 
for report of unmasked rows. In addition, 
the mask is minimally effective when it is 
delayed by 200 msec. ; in fact, performance 
is about the same for both masked and 
unmasked rows when the mask is delayed 
by 200 msec. The result that the number 
of rows masked changes performance has 
some implications for the type of processing 
that takes place. Clearly, processing 
cannot be carried out entirely in a serial 
manner; otherwise masking an unreported 


row would have no effect on a row that 
was reported. This result parallels that 
of Mewhort (1967) in which he showed that 
the familiarity of unreported material in- 
fluences accuracy of reported material. 

Delaying the report cue generally re- 
sulted in a reduction in accuracy; this 
effect was enhanced by masking one or two 
rows although the effect interacts with 
delay of mask. Without a mask, spatial 
interference appears to reduce the effects of 
decay. Since the magnitude of the decay 
effect increases as a result of masking, this 
suggests that decay is a postmasking 
phenomenon and is clearly consistent with 
the two-mechanism hypothesis. 


CONCLUSIONS AND Im PLICATIONS 


Taken together, the data on 
reported rows and delay of the 
gest two different mechanisms. 
mask seems to 
at 


masking un- 
report cue sug- 

That is, the 
s affect the system at a point 
which processing occurs in parallel and 
before complete identification of the stimulus 
has occurred. The report cue probably has its 
effect later in the processing sequence and in 
such a way that processing appears to be 
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MECHANISMS IN SERIAL AND PARALLEL RECOGNITION 


serial. ‘The fact that an auditory signal yiel 
evidence related to visual processing sugge: 
that the locus of decay takes place relatively 
advanced in the system. In somewhat differ- 
ent terminology, the mask may affect pre- 
attentive processes, but the cue may affect 
attentive processes ( Neisser, 1967). 

The mechanisms might operate in the follow- 
ing way. A multielement input establishes an 
iconic memory. Information in iconic memory 
is not stored passively, but rather a number of 
operations are performed on its contents. 
(In this context, iconic memory describes 
poststimulus but preverbal analyses.) The 
analyses carried out at this point might include 
spatial position, shape, orientation, etc. This 
parallel system is connected to a sequential 
system in which verbal labels are attached. 
Although the visual analysis may be complete 
on an item, this does not automatically mean 
that the item will get transferred into short- 
term memory. The order of transfer is de- 
termined either by a self-induced set (e.g., the 
use of reading habits) or by experimental in- 
structions. A report cue would be such an 
experimental instruction. If such a cue is 
delayed, S will begin to transfer items accord- 
ing to his own instructions, including a bias 


TABLE 2 
Mean Accuracy (out of 4) FOR THE VARIOUS 


CONDITIONS IN EXPERIMENT II 
Delay of cue 
Rows eum = ——————— 
masked | Delay 0 msec. 200 msec. 
: of € 
mask | —j—À——- 
T|M|B|T|M|B 

o 0 1.65 | 2.26 | 2.13 
200 1.87 | 1.70 | 1.44 
0 .09 | 2.17 | 1.87 
l 200 .87 | 1.96 | 1.13 
0 23.04 | 0.04 | 2.00 
M | 200 L44 | 2.26 | 1.83 

| 
1.17} 2 09 
E 200 113 |270| .30 

| | 
| .13| .30| 2.48 
Tand M | 599 18.229 | ^56 

| 

m 0 .04|2.70| .00 
land B | 200 1.13 | 2:30 | 1:00 
0 2102) .22| A7 
Mand B | 49) 1.39 | 1.78 | 1.09 


Note, -Rows reported: T = top row, M — middle row, B 
= bottom row. 
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toward particular rows. When the cue arrives, 
he will have to switch attention on a certain 
proportion of the trials and alter the order of 
transfer. Furthermore, a switch in attention 
would require a finite amount of time. 

Several predictions are generated from the 
attention-switching hypothesis. First, decay 
would be observed when attention is focused 
on the wrong part of the stimulus and a switch 
would be required. Accuracy is lower because 
of (a) the time spent on the wrong portion of 
the display and (b) the time required for a 
switch in attention. Holding (1971) has re- 
ported data relevant to this prediction. He 
asked Ss to guess which row they would be 
asked to report. Holding presented a three- 
row display and found that the accuracy of 
the guess about the row to be reported was 
inversely related to the amount of decay ob- 
served. If S correctly anticipated the correct 
row, no decay was observed. If S was off by 
one row, some decay was observed; if he was 
off by two rows, more decay was observed. 
The inequality of row accuracy in the present 
experiments is consistent with Holding's in- 
terpretation. Although the Row X Delay of 
Cue interaction is not significant, this is prob- 
ably due to the small number of delays used 
and to the presence of the mask. The second 
prediction has to do with the switch itself. 
On a full-report trial, all of the items would be 
reported and hence a switch would not be 
needed. This suggests that accuracy in full 
report should be slightly higher than that of 
partial report. Taking output interference 
into account, Dick (1971) has shown that, 
indeed, full report is more accurate than partial 
report. 

The results reported in this article and the 
interpretation given to them are in accord 
with other data (Eriksen & Colegate, 1971; 
Eriksen & Rohrbaugh, 1970). Eriksen and 
Colegate presented eight letters which were 
preceded by, simultaneous with, or followed by 
one or two indicators. Their results show that 
an indicator that precedes the display leads 
to better accuracy than one following or simul- 
taneous with the display. Their interpretation 
is in line with the present one, namely that 
the cue affects the order of transfer of items 
from iconic to short-term memory. "Their data, 
the present data, and those of others (e.g., 
Mewhort, Merikle, & Bryden, 1969) all suggest 
that transfer is a serial mechanism. 

At the same time, however, the results of 
the masking manipulation in the present ex- 
periments provide clear evidence for a parallel 
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mechanism. Furthermore, other data suggest 
the existence of parallel mechanisms. For ex- 
ample, McIntyre, Fox, and Neale (1970) asked 
Ss to detect a target letter embedded in a 
matrix of noise letters. They varied the 
redundancy of the noise elements to each other 
and the similarity of the noise to the target 
letter. They found that increased redundancy 
and decreased similarity both served to increase 
the proportion of correct detections over a 
control condition. The authors suggest that 
redundancy has its effect at a point in the sys- 
tem where the input is still parallel. Their 
interpretation is also consistent with the find- 
ings of Dick (1970) who showed that the 
amount of structural redundancy was not re- 
lated to postexposure decay but was related to. 
performance. 

In summary, the present data provide evi- 
dence for both serial and parallel mechanisms. 
This suggests that the question whether stimuli 
are processed in serial or parallel bypasses more 
important issues. A similar point has been 
made by Garner (1970) in discussing separable 
and integral dimensions. Inasmuch as the 
present data provide evidence for both serial 
and parallel processing on the same set of 
stimuli, Garner's point may be generalized. In 
addition to the kind of stimuli employed, one 
must consider the points in the processing 
sequence that are being sampled. There is 
also the intriguing possibility that differences 
between parallel and serial processing could 
be used as a tool of analysis of the organization 
of sensory and cognitive processes. 
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AN EXTENSION OF FRUSTRATION THEORY * 
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Performance on a 


complex task immediately following frustrative nonreward 


was investigated with 45 college students and findings partially replicated. 


After an 
first task was reinforced inte 
the second more complex ta: 
more errors occurred on the second t 


reward on the first task. In later stages of learning, there was 


;pectancy for reward was established in a two-task sequence, the 
rmittently and number of errors and latencies on 
< analyzed. During the early stage of learning 
ask following nonreward than following 


a tendency for 


fewer errors to follow nonreward than reward, but this finding was not repli- 


cated. 
frustration. 


In the overall within-S analyses, a grea 
Such differences were not maintained in between-S anal 


ter number of errors followed 


yses 


suggesting that frustration may affect performance but not learning. 


Amsel's (1958) frustrative nonreward 
theory postulates that nonreward for a 
response previously rewarded elicits a 
primary frustration reaction (Ri). Feed- 
back from this reaction leads to enhanced 
motivational effects evident in subsequent 
instrumental behavior. The alleged moti- 
vational effects are typically seen in the 
invigoration of responses following the 
nonreward experience. This increment in 
performance has been termed the "frustra- 
tion effect" (FE). Numerous studies 
attest to the empirical validity of this 
aspect of frustration. theory with both 
animals and children (Ryan & Watson, 
1968; Wagner, 1959). Data for adult 
human Ss are lacking, perhaps due to 
difficulties encountered in providing ma- 
terial incentives that outweigh Ss’ self- 
induced symbolic motivations. 

Frustration effects have generally been 
ited in a task with few obvious 
competing responses and with a response 
well established by previous training. On 
more complex tasks with more obvious 
competing responses, effects may differ. 
Among human Ss, the effects of various 
levels of drive on the performance of com- 


demonstré 
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Serum and Thomas Amster for assitance in this 
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plex tasks has been extensively investi- 
gated by Spence (1958). For Spence, 
working within the Hull-Spence system, 
response strength is assumed to be a func- 
tion of excitatory potential (E), which is a 
function of the interaction of generalized 
motivational construct (D), an incentive 
construct (IX), and a hypothetical learning 
construct (H). Additionally, inhibitory 
factors present in any situation introduce 
variability in E values producing a normal 
probability distribution of momentary E 
values. In order for a response to occur, 
the momentary excitatory potential of that 
response must exceed a minimum = or 
threshold (L) value. The probability that 
a response will occur on any particular 
trial is a function of the proportion of its 
normal distribution of momentary E values 
which extend above L. On a simple or 
noncompetitive task, increases in D re- 
sulting from frustration will raise the E 
probability value for the correct response 
farther above L. Although E probabilities 
for competing responses will also be raised 
above L, this detrimental effect will be offset 
largely by the magnitude of differences 
of E values for correct versus incorrect 
responses. In a complex task, there are 
more competing responses present and E 
values are closer to the magnitude of the 
correct response, leading to the increased 
probability that a competing response will 
occur instead of the correct response on 


» 
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any particular trial. Thus within the 
Hull-Spence system, drive-enhancing events 
immediately preceding the performance of 
a task should lead to enhanced performance 
if the task is simple and to impaired perfor- 
mance if the task is complex. 

Task performance following drive-en- 
hancing events may change over time in 
the experimental procedure as the develop- 
ing habit strength of the correct response 
moves from near equality with competing 
responses to dominance. Frustration in 
the early stages of learning may impair 
performance; frustration in the later stages 
may become beneficial. When the task 
to be learned is itself simple, the effects of 
frustration would be detrimental for only 
a very brief period. On a complex task 
where there are many competing responses 
of nearly equal habit strength, the moti- 
vational increase resulting from frustra- 
tion might not enhance performance until 
very late in training, if at all. 

Schmeck and Bruning (1968) lend sup- 
port to the hypothesis that frustration 
produces impaired performance on a com- 
plex task. The relationship between frus- 
tration and performance in their study is 
not a simple nor clear one. In fact, their 
finding a greater number of errors follow- 
ing frustration than following reward after 
many learning trials seems to run counter 
to predictions from the Spence model. 
The task should grow easier as learning 
progresses ; hence, frustration effects should 
be less obvious or perhaps evidenced in 
fewer errors. 

The experiments that follow were de- 
signed to investigate performance on a 
complex task as it varies with training. 
High intratask competition is promoted by 
introducing a learning task with four 
highly similar responses from which to 
choose the correct response depending 
upon which of four similar cues are pre- 
sented. Specifically, the following hypoth- 
eses are investigated: (w) Early in learn- 
ing a complex task, when the difficulty 
level of the task is high, human Ss will 
make more errors following nonreward 
than following reward ; (5) in later stages of 
learning, when the associative strength of 
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the correct response has been established, 
frustration will be less detrimental and 
may be associated with fewer errors, that is, 
an interaction over trial blocks is predicted. 
Predictions of latency scores following 
frustrative nonreward early in learning a 
complex task is without foundation in 
theory or previous research. Reduced 
latencies would be anticipated when the 
task is well learned. 

Difficulties in ascertaining the precise 
point at which a complex task becomes a 
"simple" task suggest problems in deter- 
mining where in the data to look for the 
supposed interaction effect. Pilot work 
indicated that most Ss in the experimental 
task employed in these experiments learned 
the task during the first block of 10 trials; 
hence, the second block of 10 trials was 
assumed to represent the point at which 
the task became simple for all Ss. 


EXPERIMENT I 
Method 


Subjects. —Vorty-five introductory 
college students from the Univ ^ of Alabama 
volunteered to serve as Ss to gain extra course credit. 

A pparatus.— The. experimental chamber was a 
sound dampened 10 X 10 ft. (3 X 3m.) cubicle. 
Electromechanical programimng equipment was. 
located in à separate room. Manipulanda and the 
reward dispenser were mounted in the experimental 
chamber. Directly above a small table a Gerbrands 
Universal Feeder was mounted from which poker 
chips were dispensed for appropriate responses in a 
two-task sequence, The first manipulandum in 
ition on the table was a single button (1 in. or 
cm. in diameter) mounted on an 8 X 10 in. 
(2 X 2.5dm.) panel. Immediately above the button 
on the panel a small 28-w. stimulus light was 
mounted, The second panel, 8 X 14 in. (2 X 3.5dm.) 
in size, separately mounted to the right of the 
first, consisted of four buttons, centrally positioned 
below a  multiple-stimulus | projector — (Grason- 
Stadler. 580-159), also mounted on the panel. 
Complexity on the second task, as part of a two- 
task sequence paralleling Amsel's (1958) apparatus, 
fe aa pei prd e nec qid 

E jector which cued S as to 

the correct button on that trial. 
P Procedure The Ss participated to carn a pre- 
eem d nce of poker chips to qualify for 
random into sige " eed tiene posee à 
trials and 20 Ss ; experienced Strains 
E Sub: ]uent test trials in an experi- 
mental design similar to that of Schmeck and Brun- 
ing (1968). A trial consisted of a sequence of re- 
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TABLE 1 
Mean Errors AND LATENCIES PER TRIAL BLOCK 


Error Latency 
Group j i 
Total | Blgck | Block | Torat 
100-50R 4.33 1.764 
100-50NR 3 1.317 
100-100. 7 1.248 
0-0 6.10 1.167 
sponses on both panels. The sequence started with 


illumination of the stimulus on the first panel. Ten 
seconds after S responded on this panel, the multiple- 
stimulus projector on the second panel was illumi- 
nated permitting S to choose one of four buttons. 
The sequence recycled 30 sec. after the appropriate 
"sponse on the second panel. Reinforcement con- 
ted of the delivery of one poker chip on rewarded 
On training trials for the second task, only 
mulus was presented, and the first button 

as always the correct response. Following training 
trials, the stimuli on the projector were scrambled 
and .S required to learn the appropriate button to 
be paired with red, blue, yellow, or green lights. 
On this panel, S could press as many buttons as he 
wished, as many times as he wished, but reward 
was forthcoming only when the correct button was 
pressed. Poker-chip reinforcement was continuous 
on the second panel for all Ss. On the first panel 
the experimental group (Group 100-50) received 
reinforcement 100€5 of the time during training 
and 50° randomized reinforcement during test 
trials. Reinforcement was randomized for each S 
so that 5 such trials occurred in the first block 
of 10 test trials and 5, in the last block of 10 trials. 
No more than 3 trials of the same kind in sequence 
were permitted to occur. One control group (100- 
100) received 100%% reinforcement. during both 
training and test conditions while another control 
group (0-0) received reward on neither training nor 
test trials, but were required to respond on the first 
task to introduce the second task where reward was 
continuous. The Ss were given 15 min. to earn a 
variable number of poker chips so as to qualify 
for course credit. The training procedure was 
described, and Ss were told they would be required 
to learn the rewarded button on the second panel 
after a brief pause following the five training trials. 

Errors and latency to the first response on the 
second task were recorded for each trial. Response 
latency was defined as the time from illumination of 
the multiple-stimulus projector to S’s first button 
press, either correct or incorrect. 


Results 
The mean errors for Group 100-50 were 
combined into two blocks of five trials 


each (Table 1), as previously discussed. 


The first statistical analysis was computed 
to determine performance differences of 
the experimental group following reward 
and nonreward over the two blocks of 
trials. This was computed by a Treatment 
X Treatment X Ss analysis of variance 
which indicated that number of errors 
following nonreward was greater than 
following reward, F (1, 14) = 5.40, p < 
.05. The trial blocks effect was also signifi- 
cant, F (1, 14) = 35.1, p < .001, indicating 
a highly significant difference in perfor- 
mance in the first and last blocks of trials. 

The Trial Blocks X Reinforcement inter- 
action was also significant, F (1, 14) = 
11.40, p < .01. The Ss made significantly 
more errors following nonreward trials 
than following reward trials in the first 
block of trials, £(14) = 4.77, p < .01. The 
unusually low error score following re- 
warded trials in this block of trials was not 
anticipated and raises questions regarding 
the representativeness of these data. 
Though a tendency for fewer errors follow- 
ing nonreward as opposed to errors follow- 
ing reward on the last block of trials was 
observed, this difference was not statisti- 
cally significant, (14) = 1.25. 

A between-S analysis of variance, com- 
paring the mean errors of Group 0-0 with 
those of Group 100-50 on nonrewarded 
trials only, revealed no main effect differ- 
ence. (On all between-S comparisons, the 
error score per trial block used in the 
analysis of variance was one-half of the 
total errors for that trial block. Thus 
number of trials was equated for experi- 
mental and control Ss) The within-S 
trials block effect was significant, F (1, 28) 
= 94.93, p < .001, and the Trial Blocks 
X Groups interaction was significant, F 
(1, 28) = 6.73, p «.01. In the first 
block of nonreward trials, Group 100-50 
made significantly more errors than Group 
0-0, /(14) = 2.35, p «.05, and made 
significantly fewer errors in the final block 
of trials, ((14) = 2.84, p < .0t. 

The between-S analysis of variance 
comparing the mean errors of the 100-100 
group with those of the 100-50 group on 
rewarded trials only revealed no main 
effect difference while the within-S trial 
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[ in sienific: T se cre X ratus was identical to Exp. ? 
c was again significant FA, 28 course credit, The apparatus was ic i j 
Diea ae ee T F SEG is ea I, except that marbles were dispensed instead of > 
= 24.24, 1 A a dap ocn ^ 
à : - |o poker chips. 
interaction between trial blocks and groups Procedure.—Yhe Ss participated to earn a pre- a 
was not significant at an acceptable level, determined number of marbles to qualify for credit 
F (A, 28) = 2.52. in course work. As in Exp. I, they experienced five 

The latency data were analyzed in a training trials and were then introduced to test i 

é ata analyz í 


: m trials with 5047 nonreward on Task 2, randomized 
fashion similar to the error scores. Only within three trial blocks of eight trials each. No 


one analysis proved statistically significant: more than two trials of a kind occurred in sequence, 4 
the trial blocks main effect with Group and the initial trial in the test phase, ies reward or 
100-50 rewarded trials and Group 100-100 nonreward, was balanced across Ss. The intertrial 


i euin zx interval was reduced from 10 sec. to 6 see. since the " 
where latencies decreased significan dy ooi literature suggests that a reduced interval might be 
trials, F (1,28) = 10.19, p < 01. Within- — 4 more viable procedure for evidencing a latency 
S data were generally consistent with pre- effect. Instructions were modified to accommodate i 
vious frustration literature in that reduced minor procedural changes. In all other respects, [ 
latencies followed frustrated trials, though the procedure was identical to Exp. I. - 
this effect was not statistically significant. 


the frustration literature were observed variance. 
when the second task was a relatively 
simple task, the failure to obtain a latency 
effect may be related to the complex task 
procedure. 


time to be between 5 and 10 sec. (Ryan & sented in Table 2. Data were analyzed in a 
Watson, 1968). Since latency effects in Treatment X Treatment X S analysis of 
blocks effect was obtained, £ (2, 17) = 


54.5, p < .001, the overall error scores 
following nonrewarded trials did not differ 
significantly from errors following re- 
warded trials, nor was the interaction with 
ExPERIMENT I1: A Partar Reptication trial blocks significant, X (2, 17) = 3.15, 
p < .065. Since specific predictions had 
been made about direction and location of 
effects within the experimental design, @ 


Support for Hypothesis (v) in Exp. ! 
may have arisen primarily from the un- 
usually low error scores obtained following t-test analysis of scores in the first block © 
rewarded trials in Block 1 for the 100-50 trials was performed. In this analysis; 


group, raising questions of the validity of significantly more errors followed non- . 
A y 


E : Results ; 
This effect was actually reversed in be- à Jn 
tween-S comparisons. Perhaps the 10-sec. The mean errors per trial block for all Ss 
latency was not optimal for demonstration were combined into three blocks of four 
of the effect. Data from frustration trials each (four reward and four nonreward 
studies with children indicate the optimal for each block of eight trials) and are pre- 

Although a significant trial 

v 


the data. The data from this group might rewarded than rewarded trials in Block. 
be questioned in light of difference from the (17) = 1.82, p < .05. No significant dif- 


Schmeck and Bruning (1968) data with ferences emerged in the latency data. 
infrahuman Ss. Additionally the non- i 


significant latency data suggested a reduc- 
tion of the intertask interval. A replication 
of the 100-50 group phase of this experi- Hypothesis (a) was supported in FNP | 
ment was in order. Additional control i beth within- and hetween-S analyse" 
groups were considered unnecessary inas- 

much as differential predictions were re- 


Ü 
s dif lp n TABLE 2 
lated primarily to within S variables. > 
] MEAN Errors PER TRIAL BLOCK 
= ae 
Method Group Block 1 | Block Block 3 | Total 


DISCUSSION 


Subjects and apparatus.—Kighteen introductory 100-50R 
psychology college students from the University 100-50NR 
of Alabama volunteered to serve as Ss to gain extra 


k2 | 
| 
| 
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Where nonreward occurred early in learning 
prior to performance on a task with high intra- 
task competition, Ss made more errors than 
when this task followed a rewarded task. The 
within-S finding was replicated in Exp. II. 
Support for Hypothesis b is more tentative. 
A significant interaction in Exp. I was obtained 
in a between-S analysis of data, and Ss in the 
100-50 group not only made significantly more 
errors early but significantly fewer errors later 
in learning a complex task on trials following 
nonreward than did Ss rewarded continuously 
on the prior task. Although the within-S 
effect. was consistent. with the between-S 
difference, this effect was not replies fec in 
Exp. I1 where error scores in both Blocks 2 and 
3 were nearly identical for rewarded and non- 
rewarded trials. Closer inspection of the data 
from the second experiment revealed that one 
S made as many errors in the third block as in 
the first block of trials, suggesting random 
responding throughout all 24 trials. Removing 
cores for this one S yielded data more con- 
sistent with Exp. I. Perhaps in a multiple- 
choice situation the task did not become a 
"simple task" comparable to that for a rat 
traversing a runway. This generalization may 
be supported by the failure of the latency data 
to approximate Amsel’s (1958) findings. In 
Exp. I, Ss made more errors overall when 
frustrated than when not frustrated; however, 
this finding was not replicated at an acceptable 
level of confidence in Exp. Hl. However, data 
trends were consistent. Significance in Exp. I 
may have been due to a spuriously low error 
score following rewarded trials in Block 1 for 
the 100-50 group. 

A major difficulty encountered in this experi- 
ment is in the identification of the point at 
which the task becomes a "simple" or non- 
competitiv e task. Since Ss learn at different 
rates, simply lumping scores into blocks of 
trials and arbitrarily identifying one set of 
scores as the point at which the task becomes 
simple may be an insensitive procedure. It 
was felt that the second and third blocks of 
trials in p. I1 would present situations in 
which several degrees of learning were present. 
Removing the data for S who responded ran- 
domly revealed that only five errors were made 
by the remaining 17 Ss in the third block of 
trials. In the second block of trials, errors 
occurred with greater frequency: 17 following 
rewarded trials and 11 following nonrewarded 
trials. Perhaps an even earlier point of 
analysis would have yielded a significant re- 
however, S differences 


versal of the error data; 


in learning would not permit this since the 
"early" learning frustration effect likely would 
have entered as a confounding factor. The 
data were reviewed utilizing a backward- 
learning curve; however, this treatment of the 
data revealed nothing of interest, and the fact 
that errors sometimes appeared after eral 
errorless trials suggests this procedure to be 
inappropriate to the data. 

In general the results of these experiments 
are seen as consistent with the Hull-Spence 
system and extend Amsel's (1958) frustration 
nonreward theory to include the complex task 
situation. The fact that a greater number of 
errors followed. nonreward in the within-S, 
but not in the between-S analysis of error 
cores may suggest that the observed within-.S 
differences are performance differences only 
and that learning proceeds at the same rate 
regardless of preceding frustration, consistent 
with previous research on the effects of en- 


hanced drive. 

The data are generally consistent with 
Schmeck and Bruning (1968). The major 
difference in findings is the error score inter- 
action, with fewer errors occurring after the 
task is relatively well learned. Such differ- 
ences may be related to SS differences, or task 
differences or the possibility that Ss in Schmeck 
and Bruning had not learned the task to the 
degree required to produce this interaction. 
Since validity of the interaction effect is some- 
what tenuous, further clarification is in order. 

Demonstration of frustration effects with 
adult human Ss is unique and may have been 
function of the procedure employed to moti- 
vate Ss. Failure to demonstrate such effects in 
latency data may suggest that this measure is 
insensitive to enhanced drive among adult 
human Ss when performing on a complex task. 
Human Ss come to the experimental situation 
with a greater complexity of preexperimental 
history, frequently labeled as personality 
variables. Differentiation of Ss on the basis 
of these personality variables may permit re- 
finement of experimental procedures and 
clarification of within-S consistency in re- 
sponse to frustration. 
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were much more practiced by Nickerson's 
(1965) Ss than were those comparison 
operations resulting in a DIFFERENT re- 
sponse. 

This experiment was performed in order 
to investigate the effects of varying 
amounts of practice with particular pairs 
of stimuli on sAME-pIFFERENT RTs. It 
was anticipated that differences in fre- 
quency of exposure to particular stimulus 
pairs would strongly affect R'Ts because of 
differences in the amounts of practice with 
the unique comparison operations as- 
sociated with each stimulus pair. There- 
fore, "same" RTs might be made faster or 
slower than DIFFERENT RTs simply by 
varying the amount of practice with the 
appropriate stimulus pairs, 


METHOD 


Subjects.—The Ss were 60 Ohio State University 
undergraduates fulfilling a course requirement. 
Each 5 was assigned randomly to one of four experi- 
mental groups using a table of random numbers. 
Each S served in the experiment for a single half- 
hour session. 

A pparatus.—Two Kodak Carousel RA-950 ran- 
dom-access projectors simultaneously displayed 
pairs of stimulus slides. The slides were displayed 
simultaneously because of equipment re c 
during the time of the experiment. 
demonstrated that the results obtained by simul- 
taneous presentation are generally quite simil 
those resulting from sequential present; 
erson, 1967). The stimulus pairs were displayed 
for 2.5 sec. A photoelectric diode activated by the 

opening of the projector shutter triggered a Hew- 
lett-Packard 52236 electronic timer, and S's voice 
keyed a Schmitt trigger which stopped the timer. 
The Ss received white noise over earphones to mask 


extraneous noises, and E could hear all of S's 
responses, 


The slides were back 
screen, 2 ft. before s. 
together measured 9 x4 
tween the two slides, 

Stimuli.—The stimuli were 15 eight-sided forms 
selected from Vanderplz Sanderson, and Vande 
plas (1965) and had associ; tion values between 20 
and 45%. Each S worked with five of the forms 
during the experiment, and the stimuli used were 
counterbalanced across Ss within each group. RTs 
Were recorded for both same and DIFFER re- 
*ponses, and two data analyses were performed: (a) 
only the RTs which resulted from the c 
of two preselected stimuli for each S were analyzed 
in the first analysis, (5) the combined data from all 
Stimulus pairs were analyzed in the second analys 
In this manner, Ss served as their own contro]s 


strictions 
It has been 


ar to 
ation (Nick- 


projected on a ground-glass 
The two stimulus slides 
in. with a l-in. space be- 


omparisons 
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since they provided RT» for the analysis of the pre- 
E ted. stimuli as well as for the analysis of all 
stimuli combined. The actual preselected stimulus 
pairs for which RTs were analyzed were counter- 
balanced across Ss such that each stimulus was 
measured twice in cach group. : 

Procedure—In order to control the amount of 
exposure to the preselected stimulus „Di irs, four 
experimental groups were formed. : The Ss in 
Group S5D viewed the preselected stimulus pairs 
which resulted in à saMe judgment five times more 
often than they viewed the preselected nonmatching 
stimulus pairs. For this group, Stimulus Pairs A-A 
and B-B were cach displayed 40 times, and Pairs 
A-B and B-A were each displayed + times. (In 
order to simplify the explanation of the experimental 
procedure, the two preselected random-form stim- 
uli for an S will be called Stimuli A and B, and the 
first stimulus noted in a pair the stimulus which 
appeared on the left of S's display.) Since the 
Pair A-B should be different along the same rela- 
tionships as Pair B-A, it was imed that the 
unique comparison operation for S imulus A with B 
performed 8 times to the 40 times for Stimulus 
Pairs A with A and B with B. It was anticipated 
that same RTs for the preselected stimulus pairs 
vould be faster than piri t RTs for Group 
) because the two preselected stimulus pairs 
resulting in a SAME judgment were presented five 
times more often than were the "selected. pairs 
resulting in à DIFFERENT response. This procedure 
also assured that each of the individual preselected 
stimuli was utilized 48 times, In order to balance 
the probability of saMe ; esponses for 
each S, 40 each of the s of the remain- 
ing three stimuli and 192 nonm: ching pairs of the 
remaining three stimuli were also viewed by S, 
yielding 200 ; and 200 DIFFERENT responses 
during the session. The treatment conditions for 
this group and the other three groups are outlined 
in Table 1. 

Group S1D viewed the preselected stimulus pairs 
resulting in à SAME judgment an equal number of 
times as the DIFFERENT pairs. Stimulus A-A and 
B-B were presented 24 times each, and Pairs A-B 
and B-A were viewed 12 times each. Again, 
the remaining three stimuli for the group were used 
to balance the probability of the responses, resulting 


TABLE 1 


FREQU 
Frequency of "rerqueney of No. of 
e LM “different” trials each 
Group sumulus pairs | Stimulus pairs | stimulus ust“ 


| A-A | b-n 
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PRACTICE AND “SAME” VS. "DIFFERENT" RTs 


in 120 sAME and 120 DIFFERENT responses for a 
session. 

Group D5S viewed the preselected Pairs A-A and 
B-B 8 times each, while Pairs A-B and B-A were 
each presented 20 times. Therefore, for this group, 
it was assumed that the unique comparison opera- 
tion for Pairs A-B and B-A was used five times 
more often than the comparison operation for pairs 
A-A and B-B. Pairs were added from the remaining 
stimulus forms to make a total of 52 same and 52 


in Group D10S viewed the Pairs A-A and 
B-B 4 times each and the preselected pairs A-B and 
B-A 20 times each. Therefore, it was 1med that 
the unique comparison operation for Pairs A-B and 
B-A was used 10 times more often than the com- 
parison operation for Pairs A-A and B-B. 


RESULTS 


An analysis of variance using the median 
RT data from all stimulus pairs (the con- 
trol analysis) revealed no significant effect 
of the four experimental groups, F (3, 56) 
— 1.40, or of the Groups X Response 
Type interaction, F (3, 56) = .500. How- 
ever, a significant main effect of response 
type was found, F (1, 56) = 5.638, p < 
.025. 'The data making up this analysis 
are displayed in Fig. 1. This figure shows 
that, as in Nickerson’s (1965) results, the 
median RTs for SAME stimulus pairs were 
shorter than those for different pairs. 

A second analysis of variance was per- 
formed using the median RT data from 
the preselected stimulus pairs. This an- 
alysis revealed no significant effect of 
groups, F (3, 56) = 1.22, or of response 
type, F (1, 56) — 1.67. However, a sig- 
nificant Groups X Response Type inter- 
action was found, F (3, 56) = 10.612, 
p < 001. The data making up this inter- 
action are displayed in Fig. 2. This figure 
shows that different amounts of practice 
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Vic. 2. Mean reaction times for same and ditlerent 


responses—preselected stimuli only. 


with specific preselected stimulus pairs 
produced differences in SAME/DIFFERENT 
RTs for those pairs. When the preselected 
pairs resulting in the judgment of sameness 
were presented five times more often than 
the "different" pairs (Group S5D), the 
SAME RTs were faster than the DIFFERENT 
RTs. The reverse was true when the pairs 
resulting in the response DIFFERENT were 
presented more often (Group D10S). These 
results cannot be attributed to the 
familiarity of a particular response be- 
cause both positive and negative responses 
were equally probable for each group. 
Analysis of the simple effects of responses 
between preselected SAME and DIFFERENT 
RTs within each group indicated that 
there were significant differences between 
these responses for Groups S5D (p < .01), 
S1D (p < .05), and D10S (p < .01). 

The data generally support the hy- 
pothesis that the shorter RTs for SAME 
responses found by Nickerson (1965) and 
found in this experiment when the data 
from all RTs are analyzed were caused by 
a greater amount of practice with the 
stimulus pairs resulting in a judgment of 
sameness. llowever, it is surprising that 
there were no significant differences be- 
tween the two types of responses in Group 
D5S, which actually experienced a more 
extreme discrepancy in the number of 
times the preselected SAME and DIFFERENT 
stimulus pairs were viewed than did the 
S1D group. Also, it is surprising that the 
differences between response types in 
Group D10S were less than the differences 
found for Group S5D. The mean dif- 
ference in RTs for Group D10S (53 
msec.) was 33 msec. less than the mean 


is. 
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difference for Group S3D. Why should the 
difference between SAME and DIFFERENT 
RTs be less for Group D10S than for Group 
S5D, when D10S experienced the more 
extreme differences in exposure to the 
preselected pairs? Also, why should the 
differences be greater for group S1D than 
for D5S? 


In an attempt to answer these questions, 
à critical look was given to an assumption 
of the experiment. It was assumed that 
the unique comparison operation used for 
the Stimulus Pair A-B was the same opera- 
tion used for Pair B-A. Both left-right 
orders were assumed to be mutually 
cumulative in their contribution to practice 
effects for the comparison operation. How- 
ever, if this were an incorrect assumption, 
it follows that the comparison operation 
for Pair A-B would be different from that 
used for Pair B-A. Each left-right order 
would evoke its own unique comparison 
operation and each operation would con- 
tribute only to its own backlog of practice. 
Therefore, the amount of practice with 
stimulus pairs in their particular right-left 
order would be the important variable, 
and the differences in amounts of practice 
with the matching and nonmatching pre- 
selected stimulus pairs would not be those 
calculated for the groups at the beginning 
of the experiment. 

The revised ratios of the amounts of 
practice with matching and nonmatching 
preselected stimulus pairs are evident from 
inspection of Table 1. Under the new 
assumption, Group S5D actually performed 
the same unique Comparison operations 
10 times more often than the DIFFERENT 
operations, Group SiD practiced the 
SAME operation twice as often as the 
DIFFERENT operation, Gr 
the different operation 
often as the m 


S only twice as 
atching operations instead of 
five times as often; and Group D10S only 
Practiced the nonmatching opera 
Specific preselected pairs fi 
often as the n 
selected Pairs, 
S5D, the Stimul 
were each presen 


ions to 
ve times as 
hatching operations to pre- 
For example, in Group 
us Pairs A-A and B-B 


ted 40 times, while Pairs 


A-B and B-A were each presented 4 times, 
producing a revised ratio of practice with 
measured matching pairs to nonmatching 
pairs of 10:1. 

These new practice ratios explain half of 
the questions raised above. The difference 
between SAME and DIFFERENT RTs was 
greater for Group S5D than for Group 
D10S because Ss in Group S5D actually 
experienced a more extreme difference in 
practice with the different comparison 
operations. However, since Groups SID 
and D5S would have actually experienced 
similar practice differentials for the com- 
parison operations, the mean absolute 
differences between the two types of re- 
sponses should be the same for both groups. 
Figure 2 illustrates that this is clearly not 
the case. 


Disc 


SSION 


The results of this study demonstrate that 
the relationship between SAME and DIFFERENT 
RTs is very much influenced by the amount of 
experience which § has had with the specific 
pairs of stimuli to which he is responding. The 
present author's contention is that each 
stimulus pair used for comparisons generates a 
unique comparison operation and that practice 
effects accumulate for each unique operation 
independent of other comparisons which may 
take place. It should be noted that the 
practice effects may be specific to the right- 
left arrangement of the stimulus pairs, This 
suggests that each § must perform his visual 
search in an invarying right-left or left-right 
order, and that the order of comparison of the 
two stimuli affects the unique comparison 
operation which is performed. This is not an 
unreasonable suggestion considering the results 
of Sperling (1960). 


The interpretation of a unique comparison 


operation is preferred over the pos bility that 
Ss may be responding to the enure display 
(stimulu 


ulus pair) as a gestalt 
forming a comparison between the two stimuli. 
The high probability of a comparison opera- 
tion being performed was demonstrated by 
Nickerson (1967), who found that sequential 
or simultaneous Presentation of the stimulus 
pairs did not alter the relationships between 
SAME and DIFFERENT RTs: 

The notion of pr. 
parisons of 


instead of per- 


actice with 


f unique com- 
Sumulus pairs 


also explains 


x 
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another result reported by Nickerson (1967). 
In his study, he used geometric figures varying 
with respect to one, two, or three dimensions. 
He found that RTs increased when the number 
of dimensions upon which his stimuli differed 
was reduced from three to one, but that SAME 
responses (generated when the stimuli differed 
on zero dimensions) were shorter than would 
be expected from an extrapolation of the non- 
matching stimulus data. Since Nickerson 
- (1967) used all combinations of 27 stimuli, 
balancing the number of match and nonmatch 
cases, Ss’ practice with specific matching 
stimulus pairs was much more extensive than 
that with specific nonmatching pairs. There- 
fore, the sAME RTs would be depressed be- 
cause of the greater amount of practice with 


7] 


the unique comparison operations associated 
with matching stimulus pairs. 
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Verbal and visual short-term coding processes were investigated by visually 
presenting word or picture stimuli and testing recall and recognition per- 


formance at zero delay as well as after rel 


intervals. R 
previous stud 
picture recall data reflected verbal 


| and recognition. results ati 
nvestigating verbal short-term memory (STM). 
STM characte 


hearsal and verbal interference 
for verbal material replicated 
Similarly, 
In contrast, picture 


recognition results could not be incorporated within a verbal STM framework, 
and a visual coding system is postulated to account for the data. 


"The use of verbal material in short-term 
memory (STM) research has led theorists 
to consider STM as a predominantly acous- 
tic or verbal-auditory system (Atkinson & 
Shiffrin, 1968; Neisser, 1967). Character- 
istic features of the verbal STM include a 
limited storage duration and capacity, 
Which is assumed to be a function of the 
verbal rehearsal mechanism, and a prone- 
ness to interference during short-term re- 
tention intervals filled with interpolated 
activities such as auditory masking or 
counting backwards (Atkinson & Schiffrin, 
1968). Recently, evidence suggesting the 
existence of a similar visual STM has been 
obtained. For example, physical matching 
was shown to be more rapid than name 
matching for visually presented letters 
(Posner, Boise, Eichelman & Taylor, 1969). 
Tversky (1969), using face drawings and 
nonsense names, demonstrated that verbal 
and visual coding strategies can be mani- 
pulated by Ss’ expectations of the test 
modality. However, these studies tested 
visual STM immediately following stimulus 
presentation, and evidence for visual coding 
over short-term retention intervals appears 
less consistent. Parks, Parkinson, and 
Kroll (1971 ), for instance, show that reten- 
tion of visual information is found after 
an auditory masking task. In addition, 
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second author from the National Research Council 
of Canada (#327) and the University of British 
Columbia. The paper is based on a thesis submitted 
y the first author to the University of British 


m in partial fulfillment of the master's degree. 
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ritish Columbia, V ancouver 8, Canada. T 


Cohen and Grandstrom (1970) report that 
recognition of pictorial material is lower 
following a visual interpolated activity 
than after rehearsal or verbal interpolated 
activities. On the other hand, there is 
some evidence that performance improves 
over unfilled retention intervals. Milner 
(1968) obtained an increase in recognition 
of faces, and Posner (1967) found an in- 
crease in accuracy with a visual location 
response with rest intervals. In contrast, 
Potter and Williams (1970) have introduced 
evidence against a rehearsal mechanism in 
visual STM. 

To summarize, while there has been 
evidence supporting the existence of a 
visual STM, characteristic features of this 
visual code over retention intervals filled 
with various types of interpolated activi- 
ties are not yet consistently demonstrated. 
One major problem inherent in the investi- 
gation of a visual as distinct from a verbal 
STM is that of dual coding, that is, the 
extent to which visual material is also 
coded verbally and, conversely, verbal 
material is coded visually. Apart from the 
specific interpolated activity used in @ 
given experiment, there can be little argu- 
ment that the nature of the visual stimulus, 
the duration of the stimulus presentation. 
as well as the duration of the retention 
interval, provide critical sources for dual 


coding of verbal as well as visual stimuli. 
In effect, 


n ef it becomes necessary to dis- 
tinguish between recognition of visual infor- 


mation in contrast to recognition based on 


rm short-term coding. For instance, 
with 


i relatively long stimulus displays, 
visual recognition might be a factor of both 


Qo 
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visual and verbal coding processes, while 
recognition with shorter visual displays 
might be based predominantly on visual 
coding. Paivio and Csapo (1969) have 
demonstrated convincingly that, at least 
with familiar objects in their verbal and 
pictorial form, a substantial reduction in 
dual coding cannot be achieved until the 
stimulus presentation is shortened to 
around 200 msec. With respect to the 
aboved mentioned experiments, only the 
Potter and Williams (1970) study ap- 
proaches this experimental restriction. It 
is not surprising, therefore, to note the 
different conclusions about the visual re- 
hearsal effect reached by Potter and 
Williams, in contrast to Milner (1968) and 
Posner (1967). 

It is the purpose of the present research 
to explore further ways of contrasting 
verbal and visual, or at least predominantly 
verbal and visual, coding systems in STM. 
In light of the above mentioned arguments, 
a stimulus situation was created to meet 
the following two criteria: (a) a reduction 
in dual coding processing had to beachieved ; 
and (b) a zero-delay response level had to 
be obtained which would allow for possible 
increases or decreases due to experimental 
manipulations. A series of pilot studies 
was undertaken utilizing the stimulus ma- 
terial tested by Paivio and Csapo (1968). 
Stimulus complexity was varied from one 
item to a matrix of nine items over a series 
of stimulus durations. A matrix of six 
items presented for 1.2 sec. was selected as 
an optimal stimulus situation meeting the 
aliove mentioned criteria. 

The general question to be answered in 
this investigation was whether the variables 
ihat normally affect performance with 
verbal material will similarly affect perform- 
ance with pictorial material. lf they 
would, a single coding system could be 
postulated for the two types of material; if 
not, then separate coding systems with 
qualitatively or quantitatively different 
characteristics would have to be proposed. 

The research was designed to assess 
short-term coding by investigating recall 
and recognition performance for visually 
presented words and line drawings of famil- 
iar objects. Performance after zero delay 


was examined to provide an assessment of 
relative coding efficiency for verbal and 
pictorial material. Furthermore, the two 
coding systems were contrasted under re- 
hearsal and interference conditions over 
short-term retention intervals. Since re- 
hearsal and interference effects for verbal 
material are experimentally well founded, 
the importance of this research centered 
around the effects of interpolated activities 
on the retention of pictorial material. 


EXPERIMENT | 
The first experiment was designed to 
investigate whether or not evidence for 
verbal and visual coding systems could be 
obtained in a recall task employing visually 
presented words and pictures. Recall was 
tested either at zero delay or after 15 sec. 

of interference or rehearsal. 


Method 
Subjects. Sixty introductory psychology students 
(30 males) volunteered to serve as 5: 
Material.—A basic pool of 81 stimuli was obtained 
from stimulus materials used by Paivio and Csapo 
(1969). The items consist of pictorial representa- 
tions of familiar objects in the form of simple line 
drawings as well as their verbal labels. Consistency 
of labeling data had been obtained on these drawings 
by Paivio and Csapo to ensure unambiguity of the 
pictorial stimuli. A subset of 54 items was selected, 
and these stimuli randomly assigned to nine 2 X 3 
stimulus matrices. Three additional sets of nine 
matrices eac re generated by random combina- 
tions of the 54 stimuli. The matrices were photo- 
graphed in their verbal and pictorial forms, and the 
negatives mounted as 35-mm. slides with white 
outlines on a dark background. In addition, two 
practice matrices were constructed using letters. 
Apparatus.—The stimuli were presented with a 
Kodak Carousel 850 projector. Stimulus duration 
was controlled by an automatic timer. 
Procedure.— The Ss were individually tested and 
randomly assigned to one of six groups, with the 
restriction that the male-female ratio was even in 
each group. The six groups consisted of three word 
and three picture conditions. Within each presenta- 
tion mode, recall was tested at either zero delay, 
15-sec. delay with verbal interference, or 15-sec. 
delay with rehearsal. The four sets of stimulus 
material were employed equally often in each group. 
Each stimulus matrix was presented for 1.2 sec., 
with 60 sec. given for recall. The Ss received 
standard instructions for oral recall. Zero-delay 
groups were instructed to recall the items immedi- 
ately after stimulus presentation. The interference 
groups were instructed to count backwards by three's 
from an aurally presented three-digit number, until 
the recall cue was given, and rehearsal groups were 
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TABLE 1 


MEAN RECALL SCORES OUT OF A Maximum 
or 54 [TEMS 


Delay 
Stimulus | 15 S66; 
presentation | | 
| 0 sec. ——— : —-- 
| Interference | Rehearsal 
Word | 37.60 23.20 36.00 
Pictures | 37.60 32.10 


3.00 | 


encouraged to rehearse the stimulus items during 
the retention intervals. To familiarize Ss with the 
general procedure, the two practice stimuli were 
presented before the onset of the test trials. Recall 
responses were scored manually. For the picture 
group, a liberal scoring method was employed since 
items like ship, doll, and oven could equally be 
labeled boat, girl, and stove, respectively. 


Results and Discussion 


Mean total recall scores for 
trials are presented in Table 1.A 2x3 
analysis of variance with 2 presentation 
modes (words vs. picture) and the 3 delay 
conditions as factors, revealed no significant 
differences between word and picture recall, 
However, there was a significant main effect 
for delay conditions, F (2, 54) = 55.11, 
P < .01. Post hoc tests by the Newman- 
Keuls method showed word and picture 
recall to be constant between zero delay 
and 15 sec. of rehearsal. However, after 
15 sec. of verbal interference recall for 
words and pictures showed à significant 
decrease with respect to both zero delay 
and rehearsal conditions (all ps < .01). 

Since word-picture recall differences did 
not emerge at zero delay, the data can be 
interpreted as either reflecting a single cod- 
ing System or as reflecting equally efficient 
verbal and visual Systems. On the basis of 
interpolated activity effects, however, pic- 
ture recall data cannot be interpreted 
terms of visual coding since rehearsal 
interference effects in both groups clearly 
demonstrate well-established characteris- 
ticsof the verbal STM (Atkinson & Shiffrin, 
(1968). That is, loss of information during 
the rehearsal interval is held toa minimum, 
while recall Performance is significantly re- 
duced when rehearsal is prevented by à 
verbal Interference task, Consequently, 


the nine 


in 
and 


word and picture recall data can be ade- 
quately explained by a verbal STM. . 

Since response demands in the experi- 
ment require verbal labeling of words as 
well as pictures, it is plausible that evidence 
for verbal and visual coding might be ob- 
scured by factors inherent in the oral recall 
situation. Thus, the next experiment 
examines short-term coding effects in a 
recognition task, where the need for verbal 
labeling of pictorial stimuli should be 
minimized. 


EXPERIMENT II 

The purpose of Exp. II was to investigate 
recognition of word and picture stimuli at 
zero delay and after interference intervals. 
A factorial design using words and pictures 
in both the learning and recognition phase 
generated four groups, i.e., Word- Word 
(WW), Word-Picture (WD), Picture-Word 
(PW), and P'icture-Picture (PP). The Ss 
in the WP group, for example, received 
words in the learning phase and pictures in 
the recognition phase. The WW and PP 
Sroups were expected to give the most 
accurate assessment of verbal and visual 
coding effects. The WP and PW groups 
Were introduced to evaluate the extent to 
which the presentation mode in the test 
phase influences recognition performance. 
The delay conditions were included to 
determine if verbal interference differenti- 
ally affects verbal and visual short-term 
storage. Latency-of-response Scores were 
also obtained to increase the sensitivity 
of the experiment. 


Method 


Subjects.—Eigh ty 
dents served 5s (40 males). 

Material —The four sets of stimulus matrices were 
used from Exp. I. The recognition phase consisted 
9f a sequence of six items per trial, with each item 
presented individually. Three Old items from the 
stimulus matrix and three New items from the 
original. stimulus pool constituted the six items. 
Two sets of recognition Sequences were individually 
photographed and Mounted as 35-mm. slides, The 
our sets of stimuli and the two sets of recognition 
sequences were combined to ensure that every Old 
item Was presented at two different spatial positions 
in the simulus Matrix, and every spatial position in 


the matrix was tested with two different Old items 
per delay condition, 


Apparatus, —Ap autom 


introductory psychology stu- 


atic timer controlled the 


| 
| 


( 


| 


= 


ay 
$ 
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stimulus presentation on a Carousel 850 projector. 
Recognition slides were presented manually. A 
reaction timer was activated with the presentation 
of each recognition slide and was stopped when S 
pressed a response-choice button. 

Procedure.—The Ss were tested individually and 
randomly assigned to one of four groups, i.c, WW, 
WP, PW, or PP, with the restriction that an equal 
sex ratio was obtained in each group. Within each 
group, a subset of five Ss each received one of the 
four different sets of material. Each S was tested 
on nine trials, three trials each at 0 —, 15 —, and 
30-sec. delay. The delay intervals were randomly 
assigned to the nine trials in bloc of three, and 
different random assignments for delay intervals 
were employed for each of the four sets of material. 
The Ss were given a standard set of instructions, 
differing for the four groups with respect to the 
particular word and picture combination involved. 
The WW group, for instance, was presented with a 
matrix of six words for 1.2-sec. duration. Recogni- 
tion words were presented one at a time, and S 
was instructed to respond as fast as possible to 
every recognition slide by pressing one of two but- 
tions: Old if the given word was from the previous 
and New if the given word had not appeared 
mulus display. The Ss were further told 
that on some trials the recognition sequence would 
start immediately following the stimulus presenta- 
tion, while on other trials, the stimulus display would 
be followed by a three-digit number from which S 
had to count backwards by three's until the first 
recognition slide was presented. No indication was 
given to S about the number or sequence of the 
three types of delay trials, nor about the Old-New 
item ratio in the recognition sequence. Instructions 
were followed by two practice trials using letters 
as stimuli. 

The following temporal sequence was maintained 
throughout the experiment. Each test trial started 
with a 1.2-sec. presentation of the stimulus matrix, 
followed within 1 sec. by either the first recognition 
slide or a three-di number in the case of delay 
trials. The presentation rate during the recognition 
sequence was 7.5 sec. per slide, which included 1 sec. 
for slide change. There was a 20-sec. interval be- 
tween the end of the recognition sequence and the 
onset of the next trial. 


Results and Discussion 

Reaction times were almost constant 
across all experimental groups. Conse- 
quently, latency scores were excluded from 
further analysis. Two types of recognition 
scores were examined: the number of cor- 
rect responses and d’ scores incorporating 
a correction for guessing (Kintsch, 1970). 
Table 2 presents both scores for each condi- 
tion. A comparison of these two measures 
indicates different response patterns across 
groups and delay conditions which suggest 


TABLE 2 
MEAN VALUES ror BOTH RESPONSE MEASURES FOR 
EXPERIMENT IT As A FUNCTION 
or DELAY CONDITIONS 


Mean correct responses Mean d' scores 


Cond. 

0 15 30 0 15 | 30 
WW | 7.75 | 6.70 | 3.97 | 3.37 | 3.17 
WP | 7.50 | 6.85 3.17 | 2.37 | 220 
PW | 6.60 | 6.95 2.64 | 3.95 | 2:05 
PP | 5.90 | 740 2.42 | 2.79 | 2:96 


Note,—WW = word-word, WP = word-picture, PW = 
pictu ord, PP = picture-picture. Column heading 0, 15, 
and 30 indicate the delay in seconds. 


higher guessing rates for WP and PW than 
for WW and PP groups. Guessing also 
tended to be higher at longer delay inter- 
vals. Separate analyses of variance were 
performed on these two measures. Each 
involved a 2X 2X 3 analysis with fac- 
tors: presentation mode in the learning 
phase (words vs. pictures), presentation 
mode of the recognition phase (word vs. 
picture), and 3 delay intervals as variables. 
Both analyses revealed no significant main 
effects. However, an interaction between 
the presentation mode in the learning 
phase and delay conditions was significant, 
F (2, 152) = 11.99; p < .01 for number of 
correct scores, and 7 (2, 152) — 8.42, 
p < .01 for d’ scores. Since post hoc tests 
on the two types of scores differed only at 
the 30-sec. delay condition, the condition 
with the highest guessing rate, the discus- 
sion will be restricted to the d' scores in 
this context. Post hoc tests by the New- 
man-Keuls method produced three signifi- 
cant comparisons, (all ps < .01) For 
zero-delay conditions, recognition for WW 
and WP groups was superior to PW and PP 
groups. Performance for WW and WP 
groups decreased between zero and 15 sec. 
of verbal interference. Recognition for 
PW and PP groups in contrast increased 
between zero and 15 sec. delay. There 
were no significant differences between the 
four groupsafter 15 or 30 sec. of interference. 

While the presentation mode of the recog- 
nition phase proved irrelevant, the presen- 
tation mode of the stimulus matrix emerged 
as the determining factor in recognition 
performance. In general, three separate 
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trends can be observed in the data, only 
one of which is consistently supported by 
previous evidence. First, recognition of 
verbal material suffers from verbal inter- 
ference. This finding has numerous paral- 
lels in previous research (e.g., Murdock, 
1963) and is consistent with the recall data 
in Exp. I. Second, recognition for pictori- 
ally presented material increases during a 
verbal interference task. While these data 
would not be expected on the basis of any 
current theoretical model, the evidence at 
least provides a strong argument against 
ver] coding in PW and PP groups. 
Third, there was a significant zero delay 
recognition difference between words and 
pictures. Again, this finding is contrary 
to previous results (Posner et al., 1969; 
Tversky, 1969), However, methodological 
differences, eg., stimulus material and 
presentation time, could account for the 
differences. 

Hence, in comparison to the recall data of 
Exp. I, it becomes evident that recognition 
scores cannot be interpreted in terms ofa 
single coding system. Two general aspects 
of the recognition data provide Strong argu- 
ments against a single coding interpreta- 
tion: (a) the difference in recognition scores 
at zero delay between verbal and pictorial 
stimulus material, and (b) the differential 
interference effect for the two types of 

stimulus presentations. While the recogni- 
tion data in WW and WP display the famil- 
iar interference effect of the verbal short- 
term system, a predominantly nonverbal, 
or visual short-term system has to be postu- 
lated to account for the recognition data of 
PW and PP groups. Tentatively, the visual 
short-term system seems less efficient in 
terms of immediate recognition than the 
verbal system, and seems immune to the 
damaging effects of verbal interference. 

Since two of the observed trends, i.e., 
zero-delay differences and the increase in 
PW and PP groups are relatively unsup- 
ported by previous evidence, it was thought 
necessary to further investigate recognition 
performance under these conditions. In 
Exp. III, then, the verbal interference 
period is replaced by a rehearsal period to 
supply additional data which can be used 
to evaluate the results of Exp. II. 


EXPERIMENT Ill 

Because both the presentation mode in 
the recognition phase and the 30-sec-delay 
condition failed to provide additional infor- 
mation about coding differences in Exp. 11, 
rehearsal effects were investigated only for 
WW and PP groups at 0, 7.5, and 15 sec. 
of delay. Latency measures were also 
discontinued in light of the previous 
experiment. 

Despite these changes in the overall 
design, the zero-delay conditions remain 
unchanged and should replicate the results 
from Exp. II. The facilitative effect of the 
rehearsal conditions should also be obtained 
as in the recall experiment. Of prime im- 
portance, however, is the recognition date 
for the picture group after rehearsal inter- 
vals. A comparison of the recognition level 
at 15-sec. delay between the interference 
(Exp. II) and rehearsal conditions should 
provide some clarification for two unre- 
solved problems: (a) an additional assess- 
ment for the interference effect in Exp. Il 
should be obtained, and (b) some evidence 
should be available concerning the need for 
postulating a visual rehearsal mechanism. 


Method. 


Subjects. —Vorty subjects from the same S pool 
as in the previous experiments participated in this 
experiment (20 males). 

Materíal.—Only one set of materi 
was selected for group. presentation 
also supplied with scoring 
responses. 

A pparatus.—An automatic 
stimulus presentation of the 
slides were presented manually. 

Procedure.—The Ss were tested in four sessions, 
in groups of 10 Ss each. The general procedure ol 
this experiment was similar to Exp. II, that is, Ss 
were presented with either word or picture stimuli, 
and the three delay conditions were introduced a> 
a within-Ss variable. The two major changes in 
this experiment were: (a) Ss were encouraged to 
rehearse the stimulus items during retention inter- 
vals; and (b) Ss were instructed to write down their 
own recognition responses, i.e., “O" for Old items 
and “N” for New items. Furthermore, Ss were 
tested in groups of 10 Ss each extending over fours 
Sessions. The WW and PP conditions were ran- 


domly assigned to these four sessions of group 
testing. 


al from Exp. II 
© The Ss were 
sheets to record their own 


timer controlled. the 
projector. Recognition 


Resulls and Discussion 


The data were analyzed with respect to 
recognition responses and d’ scores. A high 


v 


& 
1 
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agreement between the two response mea- 
sures indicated that a reduction in guessing 
rates had been achieved by the change in 
the design. Table 3 shows the response 
patterns for correct recognition scores and 
d’ scores. The analyses of variance for 
both response measures showed significant 
main effects for presentation mode as well 
as delay conditions. Again, only d' scores 
will be discussed here in detail. Recogni- 
tion in WW was significantly superior to 
recognition in PP, P (1, 38) = 16.67, 
p <.01, and performance increased for 
both groups over delay periods, 7 (2, 76) 
255.03, p< .01. 

In effect, the data confirmed that zero- 
delay responses for WW and PP present 
reliable recognition differences. These 
recognition differences at zero delay are 
maintained over rehearsal intervals by an 
equally facilitative effect for both presenta- 
tion modes. Similar rehearsal effects for 
visual material have already been suggested 
by Posner (1967) and Milner (1968). How- 
ever, this initially appealing interpretation 
of the main effect for delay in terms of a 
rehearsal effect appears less tenable in con- 
junction with the data from the previous 
experiments. For instance, why should 
word recognition be more efficient after a 
rehearsal period than immediately following 
the stimulus presentation in a recognition 
task, but not in a recall task? Also, why 
should picture recognition after 15-sec. 
retention interval show an increase during 
rehearsal as well as verbal interference 
(Exp. II vs. 11)? 

In an attempt to further clarify the 
nature of these results, as they might be 
affected by the given task demands of the 


TABLE 3 
MEAN VALUES FOR BOTH RESPONSE MEASURES FOR 
EXPERIMENT lI] AS A FUNCTION 
or DeLay CONDITIONS 


Mean correct responses Mean d' scores 


| 
rene 
| 


Note.—WW = word-word, PP = 
heading 0, 7.5, and 15 indicate the delay in seconds. 


TABLE 4 


PERCENT CORRECT RESPONSES TO "OLD" ITEMS 
FOR ZERO-DELAY CONDITION IN 
RECOGNITION EXPERIMENTS 


| Position 
Exp. | - 
EK: | 2 $ dx | 5 a 6 
H | | 
WW, 90.00| 82.50 | 87.50 | 65.00 | 87.50 | 75.00 
WP —1/100.00/ 95.00 | 85.00 | 45.00 | 82.50 | 87.50 
PW | 80.00| 70.00 | 82.00 | 65.00 | 82.50 | 57.50 
pp 85.00) 70.00 | 62.50 | 55.00 | 57.50 | 67.50 
ul | 
WW | 95.00) 85.00 | 85.00 | 80.00 | 80.00 | 80.00 
PP | 90.00! 67.50 | 50.00 | 65.00 | 52.50 | 45.00 
IV 
WW | 85.00) 67.50 | 85.00 | 65.00 | 60.00 | 50.00 
PP | 80.00, 70.50 | 62.50 | 60.00 | 52.50 | 50.00 


recognition task, the percentage of correct 
responses to Old items in the six sequential 
positions for each recognition sequence was 
examined for Exp. Il and Ill. It is im- 
portant to note, though, that results from 
this response measure must be interpreted 
cautiously in light of the following two 
limitations. Percentage data are based on 
either one or two data points for each of the 
six positions within each delay condition, 
and are based on raw data without the 
benefit of a correction factor. 

The percentage data for correct recogni- 
tion responses for sequential positions 
showed only one consistent pattern. The 
initial response at the zero-delay condition 
across all groups in both experiments was 
relatively errorless and was followed by a 
drop to a fairly constant recognition level 
for the remaining positions (see Table 4). 
Due to the limitations of the percentage 
data, the sequential positions at zero delay 
were analyzed with nonparametric tests. 
The data for WW and PP groups, therefore, 
were collapsed over experiments and sub- 
jected to a series of chi-square tests. The 
tests revealed no differences between word 
and picture recognition at the first position. 
However, both presentation modes showed 
a significant loss in recognition between 
Position 1 and 2, with the loss being greater 
for pictures than for words. That is, for 
the second position word recognition was 
superior to picture recognition, a super- 


84 


iority which remained significant through- 


out the last five sequential positions. 


In light of the sequential position analy- 
sis, it appears that a new interpretation of 


he dete ss possible The siveiteone loss of 


recognition tollowing the initial recognition 
slide seems quite similar to the visual 
masking effect found in iconic memory 
(Neisser, 1967). "That is, the first slide 
might be acting as a visual masking stimu- 
lus for the iconic memory store, and sub- 
sequent recognition performance is poorer 
due to a visual masking effect. This type 
of masking effect would not be expected 
and does not occur at 7.5 and 15 sec. of 
delay, since the transfer 
from iconic memory 
completed by the time the first cognition 
slide appears. Furthermore, the results 
indicate that picture materials may be more 
subject to this type of interference than 
verbal materials. 
If it can be tentatively assumed that 
iconic memory is involved in the recogni- 
tion level at zero delay, the data of Exp. II 
and III should be evaluated from a new 
perspective. "Thus, the difference in recog- 
nition scores for WW and PP at zero delay 
can no longer be accepted as reflecting 
purely short-term coding differences be. 
cause of the damaging effect of the initial 
recognition slide, Consequently, these data 
cannot be used as valid reference points in 
the evaluation of interpolated activity 
effects. However, in light of the short- 
comings of the Sequential position data and 
the resulting tentative acceptance of iconic 
memory involvement in this experimental 
Setting, it Seems necessary to confirm 
Whether iconic memory is indeed a deter- 
mining factor for zero-delay recognition 
scores, 
Experiment LV, therefore, is designed to 
further investigate the Possible role of 
iconic memory at zero delay. 


r of information 
to STM should be 


ExrERIMENT [V 
Characteristic features of iconic memory 
and the detrimenta] effects of visual mask- 
quent recall or recognition 


Teported in detail by Neisser 
hough the present experimenta] 
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task was not designed to investig 
memory 


at this point is how to obtain — 
recognition data, which pop uw 
by the visual masking effect. One 7“ 
reasonably argue that by replacing the 
visual masking stimulus, i.e, the first 
recognition slide, with an auditory presen- 
tation of the first recognition item, the 
visual masking effect should be removed 
from the zero-delay responses. Though ut 
is not clear what additional complications 
might be introduced by this change, a com- 
Parison of the response patterns, especially 
for the last five positions, should at least 
provide some indication about the masking 
effect of the first recognition slide, 

Method 


The general method of Exp. IV es itially repli- 
cated Exp. III, except for one modification: The 


first recognition item in each sequence was presented 
orally. 


Results and discussion 

Recognition Scores were again analyzed 
with respect to correct responses and d' 
scores (see Table 5). The results reflect 
marked changes in both response measures 
from Exp. II]. While the d' analysis re- 
vealed a significant increase in recognition 
in both groups over delay conditions, 
F (2, 76) = 5.20, p< 01, the previously 
established word-picture difference did not 
reappear, P (1, 39) = 2.99. That is, the 
facilitative effect due to del 
cated, but the Over. 
level dropped down 


ay was repli- 
all word recognition 
to the picture recogni- 


TABLE 5 


MEAN VALUES ror Born Response MEASURES 
AS A Function or DELAY CONDITIONS 
IN EXPERIMENT ]V 


| 


Mean cor Tecl responses | 


| fi Mean d' scores 
Cond, Í L * 

| 15 | 0 | 7.5 | 15 

| 2.51 | 346 | 3.14 

| 2.19 | 2.71 | 2.95 


= word-word, PP = iclure, 
^, and 15 indicate the delay 


Column 
in seconds, 


gate iconic 
» the sequential position data at 
zero delay display a response pattern im- 
plicating the existence of iconi memory in 
this condition. The problem to be resolved 
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tion level, which in turn remained essenti- 
ally unchanged from Exp. III. The chi- 
square test for the sequential positions at 
zero delay also revealed a different pattern 
from the previous experiments. There was 
again no word-picture difference for the 
first position. However, in contrast to the 
previous experiments, word and picture rec- 
ognition remained undifferentiated across 

the six sequential positions, and further- 

more revealed a continuous decrease from 

Position 1 to 6 for both groups. Thus, by 

replacing the visual with an auditory rec- 
ognition item, the previous visual masking 
effect was replaced by an even stronger 
interference component. 

Therefore it appears that in a sequential 
recognition task of this nature, the initial 
recognition item, regardless of presentation 
modality, contributes an interference com- 
ponent for subsequent recognition items. 
If the first recognition item is presented 
visually (Exp. II and 111), a visual masking 
effect is obtained. This masking effect, 
however, appears only at zero-delay condi- 
tions and is stronger for pictorial than for 
verbal stimulus material. If the first rec- 
ognition item is presented auditorally a 
qualitatively different interference effect 
emerges (Exp. IV). In contrast to visual 
masking, this interference effect takes on a 
more complex form. At zero delay, d' 
Scores for word recognition are reduced to 
the picture recognition level. In addition, 
recognition shows a consistent decrease 
across all sequential positions at zero delay, 
in contrast with the single drop in recogni- 
tion following the initial item in Exp. I 
and III. At 7.5 and 15 sec. of delay the 
interference effect appears only for word 
groups, while picture recognition remains 
unchanged from Exp. II and III. 

Several parallels can be drawn between 
the interference effect resulting from the 
auditory presentation of the first recogni- 
tion item and investigation of the auditory 
masking effect (Crowder, 1970; Tell, 1971). 
Still, an evaluation of the presently ob- 
tained auditory interference appears un- 
satisfactory. The auditorally presented 
recognition item, for instance, can be con- 


sidered as an additional verbal stimulus 
s 


entering the verbal STM, thereby interfer- 
ing with the storage of the original verbal 
stimulus material. Hence, word recogni- 
tion decreases in all three delay conditions 
by a constant amount (Exp. HI vs. IV). 
A similar decrease does not occur in picture 

recognition, at least at 7.5 and 15 sec. 

delay, suggesting that the pictorial ma- 

terial is indeed largely coded nonverbally 

over short-term retention intervals, and 

auditory interference does not damage the 

storage of pictorial material. Zero-delay 

picture data, however, do not clearly fall 

within this interpretation. In other words, 

this particular auditory interference also 

seems to be damaging to the storage of 

pictorial material, but only at the zero- 

delay condition. 


GENERAL Discussion 


The major finding of this series of experi- 
ments lies in the differential recognition pat- 
terns as a function of rehearsal and interfer- 
ence conditions. This is especially noteworthy 
since in a free-recall task this pattern did not 
emerge. In general, there are three specific 
trends which will be discussed in detail. 

First, the recall and recognition results for 
verbal material replicate those of earlier studies 
(Hellyer, 1962; Murdock, 1963) and can be 
interpreted in terms of the verbal short-term 
system (Atkinson & Shiffrin, 1968). Because 
recall performance did not differ for words and 
pictures in all three groups in Exp. I, picture 
recall data are also interpreted as reflecting 
verbal coding. Since response demands in 
free recall require verbal labeling of words and 
pictures, the absence of differential coding 
effects is largely attributed to the specific 
task demands inherent in a free-recall situation. 

The second trend concerns the recognition 
performance with words and pictures at zero 
delay. The d’ scores reveal a consistent recog- 
nition superiority for words in Iz p. HL and HI. 
With the introduction of an initial auditory 
recognition item, d' scores for the word recog- 
nition are reduced to the picture recognition 
level, which remained unchanged from the 
previous experiments. However, the sequential 
position data clearly point out that d’ scores 
at zero delay cannot be interpreted simply in 
terms of short-term coding processes. The 
visual masking effect as well as the damaging 
influence of the auditory recognition item in- 
troduced an interference component for this 
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response condition, such that zero-delay re- 
` sponses cannot be utilized as reference points 
to evaluate interpolated activities. Despite 
this shortcoming, some evidence for verbal 
and visual coding can still be inferred. For 
instance, in Exp. II and III, the visual masking 
effect was stronger for pictorial than for verbal 
material (Neisser, 1967). In Exp. IV, the 
auditory masking effect reduced d’ scores for 
the word group significantly, while leaving the 
picture group relatively unchanged. A similar 
finding has been reported by 
trom (1970). 


Cohen and 


The third trend concerns word-picture 
recognition scores after retention intervals 
filled wi 


either verbal interference or rehear- 

sal activity. Since zero-delay response levels 
have already been shown to be in 
reference points to evaluate 
activity effects, the effects of inte 
rehearsal conditions have to be 
Tespect to one another. Only the 13-sec. 
retention interval is common to all experiments 
and will, therefore, be discussed in more detail. 

The significant increases for picture recognition 

over retention intervals, which were obtained in 
the d' analyses, therefore can no longer be 
accepted as increases as a result of visual 
short-term coding. Instead, the data must be 
considered as merely reflecting a higher recog- 
nition level after 15 sec. of interference. or 
rehearsal than following the masking effect at 
zero delay. However, it is important to note 
that picture recognition at 13-sec. delay is 
essentially unchanged across interpolated acti- 
vities. In contrast, word recognition at this 
point clearly displays the facilitative effects of 
rehearsal over verbal interference. Thus, 
evidence for differential coding for words and 
pictures appears quite pronounced. 

These data can be readily incorporated into 
the theoretical framework proposed by Atkin- 
son and Shiffrin (1968). Response patterns 
for word and picture recall and word recogni- 
tion consistently replicate previous research 
investigating verbal STM (Atkinson & Shif- 
frin, 1968). Picture recognition data further- 
more extend the evidence for a predominantly 
visual STM, as distinct from a predominantly: 
verbal STM, and also provide some indication 
of visual STM characteristics. Though the 
present experimental task seemed unsuited to 
reveal relative efficiences of the two coding 
systems in an immediate recognition task, 
the experiments demonstrat 
trast to verbal short-term 
and verbal interfe 


appropriate 
interpolated 
ference and 
evaluated with 


ed that, in con- 


coding, rehearsal 
rence do not differentially 


affect the visual short-term system. Whether 
the undifferentiated recognition level after the 
interpolated activity intervals is attributed to 
the absence of a visual rehearsal mechanism 
or is attributed to the ineffectiveness of verbal 
interference on the visual STM remains 
unresolved. 
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HEMISPHERE FUNCTION AND COLOR NAMING! 


STUART DIMOND? anp GRAHAM BEAUMONT 
University College, Cardiff, Wales 


Identical pairs of color stimuli were presented for naming to right-handed and 
left- or mixed-handed groups of Ss, and directed to the left hemisphere, right 
hemisphere, or both hemispheres. Reaction times and blocks to function were 
recorded. It is seen that response latency is greater when one member of the 
pair is directed to cach hemisphere, indicating either an intrahemispheric 
enhancement or interhemispheric delay in the analysis of such stimuli. This 


effect is stronger in right-handed than in left-handed Ss. 
found between the conditions of unilateral presentation. 


No difference is 
Experimental con- 


ditions do not affect the number of blocks, except in an increase in the bilateral 
presentation condition for left-handed Ss. The results are discussed in terms 
of the intrahemispheric independence of visual analysis, the possibility of load 


Failure of the ability to name colors has 
received some degree of attention in the 
neurological literature (Critchley, 1965; 
IKinsbourne & Warrington, 1964). Gesch- 
wind and Fusillo (1966), for example, 
described the case of a patient with a 
lesion of the left calcarine cortex who failed 
to name colors correctly and to identify 
à color when provided with its name. This 
patient was, however, able to match a 
color to an object without error, thus ruling 
put a specific deficit of color perception. 
They therefore suggested that destruction 
of the splenium, carrying callosal fibers of 
the visual regions, dissociated colors seen 
in the right hemisphere from speech mech- 
anisms of the left. Oxbury, Oxbury, and 
Ilumphrey (1969) discussed color anomia 
and described two varieties—a_ specific 
aphasic variety, and a variety specific to 
the visual modality, which was secondary 
to the anatomical disconnection between 
visual input and language centers. Scotti 
and Splinnler (1970) asserted that in uni- 
lateral hemisphere-damaged patients, sig- 
nificant impairment of color perception only 


aring in cerebral organization, and the importance of the speech output 


is found in patients with right-sided lesions 
and visual field defects, but they found that 
such patients were also impaired on other 
noncolor perceptual tests. 

The inability to produce an appropriate 
color name is a phenomenon not confined 
to the brain-damaged individual. Bills 
(1931) described a “block to function" in 
color naming which he assumed to be 
symptomatic of fatigue, and which arose 
in the normal individual, after continuous 
performance for a protracted period on a 
color-naming task. Such blocks took the 
form of a temporary inability to provide 
the appropriate color name, manifest in an 
exceptionally long reaction time. A similar 
effect was provided by Broadbent (1953) 
and shown to be a general feature of con- 
tinuous self-paced performance tasks where 
there are a number of separate stimuli 
requiring discrete responses, although a 


considerable period of performance may be 


required before the effect becomes evident. 

The customary approach to the study 
of blocks is naturally by the performance 
of a reaction time task, thus providing the 
investigator with evidence not only about 
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present experiment for this purpose. The 
object was to provide information about 
response times to color stimuli, flashed to 
the left or right hemisphere, or to both 
hemispheres, in relation to interhemi- 
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projector 


fixation 
light 


k^ 


Fre. 1. 


spheric differences and cooperation in color 
naming in the normal human brain. It 
was also a matter of interest to establish 
how blocks relate to hemisphere function 
and to question whether the hemispheres 
might cooperate in order to offset fatigue, 
by examining whether blocks were produced 
with equal frequency irrespective of 
whether the stimuli were flashed to one 
hemisphere or distributed between the 
cerebral hemispheres. 


METHOD 


The Ss were 36 undergraduates, who may be 
considered to have been naive, forming two groups 
of 18 Ss. One was a right-handed group, achieving 
preference group scores of 1-8 on the Handedness 
Questionnaire (Annett, 1970), while the other formed 
a left- and mixed-handed group, achieving preference 
group scores of 9-24 on the questionnaire. The 
experimental conditions for were 
identical. 

Stimuli were colored slides produced from a color- 
ing medium (Rank Strand Cinemoid No. 1, 5, 6, 
9, 24, 26) in six different colors selected to be of 
approximately equivalent brightness but adequate 
discriminability. The stimuli were presented to S 
by means of a divided visual field apparatus, the 
plan of which appears as Fig. 1. Stimuli were back 
projected by two automatic projectors (Hanimex 
Rondette 1200A) on to one of four screens (each 
28 X 44 cm., 63 cm. from the S) which were ar- 
ranged together with partitions between the screens 
and S's eyes so that as .S gazed at a central fixation 


each group 


masking 
partition 


head clamp 


Diagrammatic scale plan of apparatus. 


light, the material on Screen 1 was directed at the 
nasal hemiretina of the left eye, on Screen 2 at EH 
temporal hemiretina of the right eye, on Screen ~ 
at the temporal hemiretina of the left eye, and on 
Screen 4 at the nasal hemiretina of the right eye. 
Material on Screens 1 and 2, in the left visual field, 
was therefore directed to the right hemisphere, "iic 
on Screens 3 and 4, in the right visual field, to the 
left hemisphere. Each trial consisted of a patr 1 
stimuli, of the same color, directed in the jet 
visual field (LVF) condition to Screens | and id 
in the right visual field (RVF) condition to Screen? 
3 and 4, and in the both visual fields (BVF) Co? 
dition randomly allocated to Screens 1 or 2 Bus 
3 or 4. Thus material in the LVF condition a 
directed to the right hemisphere, in the RVE geni 
tion to the left hemisphere, and in the BVI gee 
tion to both hemispheres. There were 120 pes 
in each condition and the S was directed to wt 
the color presented as fast as possible, so agavai ac 
a voice switch and immediately terminating us 
trial, which initiated the next. — Interstim" re 
interval was 1.111 sec, and response times pp 
measured from the onset of each stimulus. "The or he 
of conditions was randomized, and the fixation of t $ 
eyes on the central fixation point wa monitore: 
visually by Æ from a peephole adj 
fixation light. 


acent to 
This appears a reliable method 
monitoring, and fixation proved no problem 
any of the Ss. han 

Blocks were defined as response times greater : "s 
the mean plus twice the standard deviation an 
response time for each S in each condition. pm 
reaction times were calculated for each S and ep 
together with the number of blocks, combined {2 
form group parameters, and subjected to analys" 
of variance. 


HEMISPHERIC EFFECTS ON COLOR NAMING 89 


RESULTS 

The mean reaction time and number of 
blocks for each handedness group, analyzed 
by condition of presentation, are given in 
Table 1. 

Analysis of variance of the mean reac- 
tion time in each condition for each S 
showed that there was no significant effect 
due to the handedness of Ss, F (1, 612) = 
1.70, p = .09, or the color of the stimulus, 
F (5, 612) = 1.75, p = .12. The effect of 
the condition of presentation was, however, 
significant, F (2, 602) = 4.29, p = .01. 
None of the interactions proved to be sig- 
nificant. Over all Ss, reaction time was 
slower for the bilateral presentation condi- 
tion as compared with the conditions when 
stimuli were presented to only one hemi- 
sphere, BVF-LVF, ¢ (35) = 2.82, p < .01; 
BVF-RVF, ż (35) = 2.34, p <. There 
was no significant difference between the 
reaction times in the unilateral presentation 
conditions. If the two handedness groups 
were analyzed separately, then the left- 
handed group does not show such an effect, 
while the right-handed group shows only a 
significant difference between unilateral 
presentation to the right hemisphere and 
bilateral presentation, BVF-LVF, ¢ (17) 
= 3.04, p«.01. However when the 
mean results in each condition for the two 
groups were compared by an unrelated / 
test, then no significant differences were 
found between the two groups, showing 
therefore only a tendency for the effect to 
be stronger in the right-handed group. 

Analysis of variance of the mean number 
of blocks by condition for each S showed 
no significant effect due to handedness or 
condition of presentation, and there was 
no significant interaction. If the handed- 
ness groups are compared by an unrelated 
t test, then no differences are found, except 
in the number of blocks in the bilateral 
presentation condition where the left- 
handed group showed more blocks than the 
right-handed group, ¢ (34) = 2.35, p < .05. 

Blocks to function correlated with reac- 
tion time within the two conditions of 
unilateral presentation for the right-handed 
group (LVF RT r. LVF blocks = .49, 
p <.05; RVF RT z RVF blocks — .50, 


TABLE 1 
MEAN REACTION TIME (IN MSEC.) AND NUMBER OF 


BLOCKS / BY HANDEDNESS AND 
PRE: ATION CONDITION 
Group | ivr | eve | avr 
Right-handed Ss (4 = 18) 
RT 
= 613 635 660 
SD 80 107 116 
Blocks | 
X | 339| 4.41] 328 
SD 1.72| 2.22 1.84 
| 
Left /Mixed-handed Ss 
(n = 18) | | 
RT | 
X | 643 643 661 
SD 132 | 115 | 101 
Blocks | 
X 372| 372| 428 
SD 1.96) 2.14| 1.41 


p < .05), but this effect was not shown for 
the left-handed group, or over all Ss. The 
handedness measure did not correlate 
significantly with either the mean reaction 
time or number of blocks in any condition. 
Errors, although recorded, were too 
infrequent to permit meaningful analysis, 
and are consequently not reported here. 


DISCUSSION 


If S is shown two words or two series of 
digits simultaneously, and these are projected 
to one hemisphere alone, mutual interference 
is observed while distribution between the 
hemispheres leads to increased output (Di- 
mond, 1971; Dimond & Beaumont, 1971). 
The essential characteristic of such stimuli is 
that they are different; both require separate 
analysis and a different response. The pre- 
sent experiment enables us to define something 
of the limits of this interference as the stimuli 
are simpler and both members of the pair are 
identical. If the mutual interference pre- 
viously observed was a function only of the 
receipt by a single hemisphere of information 
from two distinct visual pathways, then it 
should still be observed here, although the 
information in the two channels is the same. 
If, on the other hand, interference arises 
through the incapacity of the hemisphere to 
analyze two different simultaneous items of 
information, then it would not be seen in the 
present experiment. In fact, it is found that 
when two stimuli of the same color are pro- 
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jected to a single hemisphere, then the re- 
sponse latency is less than when one stimulus 
is flashed to one and the other stimulus to the 
opposite hemisphere. 

A channel interpretation. of this result 
would argue that the increase in response time 
is a function of the increase in the number 
of active stimulus sources to be monitored in 
the bilateral presentation condition. How- 
ever, the information arriving by the channels 
was the same on every occasion, and unless 
monitoring of all sources is a requirement of 
the system (which is improbable as the system 

uld then never benefit from redundancy of 
information across sources), S should have 
been able to respond as fast as in the unilateral 
presentation conditions. Some alternative 
explanation is clearly desirable. 

A more acceptable view might be provided 
in the hypothesis of summation of information 
along the visual pathways. In the unilateral 
conditions, one stimulus projects through the 
ipsilateral pathway, the other through the 
contralateral pathway, both to the visual 
cortex of the same hemisphere. At the stage 
of analysis when the two stimuli must be 
coordinated, then differing stimuli will result 
in differing "images" and may possibly set up 
mutual interference. Identical images, par- 
ticularly those resulting from similar non- 
directional stimuli, may lead to a positive 
enhancement of the resultant coordinated 
image. In the case of color, it is as if one 
color wash were superimposed upon a wash of 
the same color forming a more intense hue. 
Such a view suggests that there is an inde- 
pendence of the perceptual trace between one 
hemisphere and the other and that exposure 
of the two separate visual mechanisms of the 
cerebral hemispheres to color stimuli does not 


lead to potentiation of any subsequent re- 
sponse. 


A third interpretation of the increased re- 
sponse latency associated with distributed 
input is that delay in coordination of the 
perceptual processes from both hemispheres is 
an important contributory factor. Although 
the information conveyed by each hemisphere 
is the same, the brain is unable to establish 
this until after the comparison has been made, 
and it is to this that the momentary delay in 
response may be due. This view need not 
be entirely inconsistent with previous findings 
of an enhancement of response with distributed 
input in more complex tasks (Dimond, 1971 : 
Dimond & Beaumont, 1971), as the effect 
o mutual interference with a single hemi- 


sphere may be stronger than such a delay in 
coordination. 

Whatever the nature of the explanation, the 
data relating to the reaction time of responses 
suggest that there is some degree of initial 
independence of visual analysis in each hall 
of the brain. 

While there is no clear difference between 
the conditions in which stimuli are presented 
to either the left or right hemisphere alone, the 
tendency for reaction times in presentation to 
the right hemisphere to be faster (as evidenced 
by the more significant difference between 
BVF and LVF conditions than between BVF 
and RVF conditions) is in accord with the 
clinical literature. The failure to find a true 
difference may be the result of the importance 
in the present task of verbal output, allowing 
the left hemisphere to make some compensa- 
tion for any real difference in the speed of 
analysis. ` 


The presence of blocks is commonly assumed 
to represent a failure of the preceptual mech- 
anisms (Broadbent, 1953). In relation t? 
hemisphere function, the presence of blocks 
enables us to differentiate between the theory 
of independent processing in which there 15 
no flexibility in the arrangements between the 
hemisphere system, and the alternative sult- 
case” theory which suggests that the brain 
offsets fatigue by distribution of visual an- 
alysis between the hemispheres, as a suitcase 
can be interchanged from one hand to the 
other. 


It has been shown, as we have reported, 
that the two parallel mechanisms of 1 
hemispheres are able to achieve an increasce 
output under certain conditions, when the 
information load is divided between them. 
For example, when two parts of a figure, x 
quiring comparison, are flashed to separate 
hemispheres, the brain works more efficient? 
than when both parts are flashed to the same 
hemisphere (Dimond & Beaumont, 1972). 
is not clear how the products of anal 
within each hemisphere are combined, 
while such studies have suggested joint action 
of the cerebral hemispheres in visual perce?” 
tion, they have not provided evidence of the 
capacity to switch the load from one hem 
sphere to the other. The suitcase thee’. 
assumes that there is a flexible allocation 2 
load between one hemisphere and the other: 
so that if the load were to be distribute, 
across the brain, then less fatigue shot“ 
result than if the load is confined to one hem! 
sphere. |n the attempt to test this hypothest? 


and 
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by distributing color stimuli between the 
hemispheres and observing response blocks it 
was expected that fatigue would be offset, 
resulting in a decrease in the number of blocks. 
That the results show no difference in the 
number of blocks between the unilateral and 
bilateral presentation conditions, therefore, 
provides no evidence for such a theory. It 
would appear that the hemisphere visual 
mechanisms are far less flexible than had 
formerly been supposed. and that there is no 
mechanism by which fatigue in one hemisphere 
might be offset by transfer to the other. 

It must be considered whether the phe- 
nomenon of blocking is some function of a 
failure of the perceptual mechanisms or of an 
inability to match colors to their spoken nam 
Geschwind and Fusillo (1966) and Oxbury, 
Oxbury, and Humphrey (1969) have sug- 
gested that the dissociation of the mechanisms 
for visual perception from the mechanisms for 
language may be of prior importance in 
clinical color anomia, indicating that it is an 
aphasic rather than a visuoperceptive dis- 
order. In this sense, the blocks reported here 
are quite unlike those reported previously 
arising through overloading of the hemispheric 
visual mechanisms (Dimond, 1970). This view 
would also be in accord with the subjective 
difficulty experienced in thought blocking dur- 
ing which it is especially the appropriate name 
which fails to become available in speech. The 
failure to find any interhemispheric differences 
in the number of blocks, indicating that they 
occur late in the sequence of analysis, at the 
stage of output, gives some support to this 
view. However, the finding, in right-handed 
Ss on the unilateral presentation conditions, 
that the number of blocks is significantly as- 
sociated with mean reaction time within each 
hemisphere, but not across the hemispheres 
does suggest some common factor arising 
from the hemisphere to which the material is 
initially directed and would not support the 
hypoth It is as if, to some degree, each 
hemisphere makes a distinct contribution to 
the features of performance arising from that 
hemisphere, and that blocks to function are 
one feature of such a contribution. 

There is remarkably little difference be- 
tween the performance of the right-handed 
and the left-handed or mixed-handed groups. 
but one notable effect is a rather smaller 
degree of facilitation for the left-handed group 
when the color is presented to one hemisphere 
alone. Such a finding is in line with proposals 


(Hecaen & Sauguet, 1971) that the brain is 
more homogeneous and that hemispheric 
mechanisms are less clearly differentiated in 
the left-handed individual. A second effect 
is the finding that when input is distributed 
across the hemisphere, then significantly more 
blocks are observed for the left-handed group. 
Insofar as the block indicates "fatigue," it 
would be tempting to conclude that the brain 
of the left-hander has a reduced overall 
capacitv to sustain performance. However, 
the true nature of this rather curious observa- 
tion must await further investigation in view 
of the wide range of interpretations which 
might be offered for such a result. 
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TRANSFER OF INFORMATION FROM MANUAL 
TO OCULOMOTOR CONTROL SYSTEM ! 


RONALD W. ANGEL? asp HARRY GARLAND 


Stanford University School of Medicine 


Eye position was recorded while .S tracked a visual target. v 
mental run, S moved the target actively by means of a joy stick. 


On each experi- 
Target 


motion was either synchronous with that of the hand or delayed by a fixed 


amount (.18, .36, .72, or 1.44 sec.) On each control run, target motion v 


a 


tape-recorded copy of the pattern generated by S during the previous test 


run. 


Regardless of the delay between joy stick and target motion, the fre- 


quency of saccades was generally smaller during the test run than during the 
matched control run. The results suggest that information about hand move- 
ment is available to the oculomotor system for a significant time following 


manual performance. 


The neural mechanism controlling the 
hand is quite separate from the oculomotor 
system, and the latter contains four dis- 
tinct subsystems which can be excited 
independently of each other (Robinson, 
1968). It follows that several motor 
systems must be coordinated whenever the 
hand is moved under visual guidance. 
What mechanism is responsible for this 
coordination? Recent experiments (Fest- 
inger & Canon, 1965; Steinbach, 1969; 
Steinbach & Held, 1968) have suggested 
that there is a transfer of information 
from one motor system to another. Ac- 
cording to this proposal, efferent signals 
destined for the hand are sent also to the 
oculomotor system. Eye movements can 
thus anticipate hand movements, without 
the delays that occur in sensory feedback. 

Among the evidence for this concept is 
the finding that S can track à visual t 
more accurately when he moves it actively 
than when it moves independently of his 
control (Steinbach, 1969). If the improved 
accuracy is due to a transfer of information 
from the manual to the oculomotor control 
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system, it is pertinent to ask how long that 
information persists in useful form. The 
work described here was designed to study 
this question. 


METHOD 


Subjects.—Vive male and two female Ss aged 24 
54 yr., were paid to participate in the experiment 

«A pparatus.— The position of right or left eye 
was recorded by a photoelectric technique or 
movement monitor, Model SGH/V Biometrigsy 
Inc.; headrest, Model 115, Biometrics, Inc.). The 
visual target was a spot of light displayed on jpn 
oscilloscope about 30 cm. from S's eyes. During 
experimental runs, the position of the target wee 
controlled by S, who manipulated a small Joy 
stick (6 cm. long) projecting upward from the table 
between him and the oscilloscope. As the JOY 

7* was moved to the right or left, the target 
moved horizontally across the cathode-r: tube 
in the same direction, The maximal excursion of 
the target was 9.4 ema subtending a visual angle 
of 18°. Throughout each test run, the position vA 
the joy stick was recorded continuously by meam 
of an Ampex (SP-300) tape recorder. "s 

On some test runs, the target responded to move 
ment of the joy stick without any delay. On others, 
there was a fixed delay between. movement of the 
joy stick and e A delay 9 
-18 sec. 
at 15 ij 
back he: 


at 7$, 33, and 13 


corder introduced 
Causing the target to appear slightly fuzzy» s 
this appearance was identical during the test run? 
with delay and the control runs. x 
Procedure, —For each test, S was seated facing 
the oscilloscope. He was instructed to move lie 
Joy stick back and forth irregularly, always keeping 
the eyes on the target. The pattern of tanget 
motion was supposed to be slightly difficult bu 


a 
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is^ 


| 
| i! 5g | | | 
Fic. 1. Tracking of 
line: position of joy sti 


position of eye. 
stick. Oculomotor response 
jumps [arrows]. 
tions: 5 cm., 20°, 20°, 1 sec.) 


not too difficult for the eyes to follow. The standard 
test run lasted 1 min. and was paired with a control 
run, during which the joy stick was not used but 
the pattern of target displacement was an exact 
copy of the pattern displayed on the test run. This 
was achieved by playing back the tape-recorded 
sequence of movements generated by S.A com- 
plete test consisted of 12 runs: 6 test runs, each 
paired with a control run. 

Immediately after each test run, the tape was 
backed up to the starting point, a process which 
required several seconds, and then replayed at the 
same speed used in recording. During this pl 
back, S again was required to keep the eyes directed 
at the target. 

On the first and sixth test runs, there was no 
delay between movement of hand and target. On 
each of the other four, a fixed delay was introduced 
by displaying the output of the tape recorder, as 
described above. 

In order to cancel any effects of practice or fatigue, 
the four different tape speeds were used in a dif- 
ferent order for each S. Thus, 7 out of the 24 
possible permutations were used. n two cases 
(Sı and 5;), the initial run with no delay was omitted 
inadvertently. In one case (55), the run with 1.44- 
sec. delay was missed. 

During each trial, three variables were written 
out on paper by means of a strip-chart recorder: 
position of the joy stick, position of the visual 
target, and position of the eyes. Records were 
later examined to determine the number of saccadic 
eye movements per minute of tracking performance. 
In processing each pair of records, the two target 
patterns were aligned carefully so that identical 
60-see, periods were taken for study. Thus, any 
difference in tracking performance could not be 
attributed to a difference in the target motion during 
the test and control runs. 

One possible source of error in counting saccades 
was the occurrence of eye blinks. The photo- 
electric monitor was ineffective during eye closure, 
but each blink was clearly evident on the record 
of eye position. Hence the blinks could be counted 
and their frequency compared under test and con- 


self-moved. visual targe 
:. Middle line: pos 
Movement of target lags 1.44 sec. behind movement of joy 
s a combination of smooth pursuit and saccadic 
During the 10-sec. interval, 21 saccades occur. 


(Top 


tion of target. Bottom line: 


Calibra- 


trol conditions. For each S, the total number of 
blinks recorded during all test runs was compared 
with the total recorded during all control runs. The 
atios (test: control) were: 1:4, 23:36, 1:6, 0:0, 
32: 1, and 5:8. These figures show that 
five Ss blinked more often during control runs, 
one blinked more often during test runs, and one 
did not blink at all. If some of the saccadic eye 
movements were not counted because of blinks, 
this probably occurred more often during control 
runs, when the majority of blinks occurred. In 
any case, the number of blinks does not seem ad- 
equate to vitiate the results presented below. 

Another possible source of error was the problem 
of classifying some very small deflections on the 
record of eye position. Large saccadic jumps were 
' to recognize, but the smallest were sometimes 
difficult to distinguish from the background of 
smooth pursuit motion. In order to minimize the 
error from this source, two separate tabulations 
were made: definite saccades and "doubtful" 
saccades. Whenever a deflection was not large 
enough or sharp enough to be classified as a definite 
saccade, it was placed in the doubtful column. In 
order to determine whether the inclusion of these 
events might tend to change our conclusions, the 
results were tabulated a second time, including the 
doubtful events. Each comparison of test run 
versus control was examined again, there being 39 
such comparisons (6 for each of the seven Ss minus 
3 missed unintentionally), When the doubtful 
saccades were included along with the definite ones, 
the algebraic sign of the difference between test and 
control was unchanged in 37 out of the 39 com- 
parisons. Hence, the results were essentially the 
same, regardless of whether or not the doubtful 
events were included in the tallies. For convenience, 
the numbers presented below include only the 
definite saccades. 


RESULTS 


Part of a test run is compared with its 
control in Fig. 1 and 2. On the test run, S 
was moving the joy stick, and target mo- 
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Lat E yt g XE d pp Edd ii gg ity | 
M 
Fic. 2, Tracking identical target. motion, reproduced by tape recorder. 


(Straight line at top indicates that joy stick is stationary. Middle line: exact 
replica of target motion presented in Fig. 1, reproduced by tape recorder 


slightly more than 1 min. later. Oculomotor response shows 33 saccades 
during the 10 sec. Calibrations same as in Fig. 1.) 


tion followed after a delay of 1.44 sec. As 
shown on the bottom line, the oculomotor 
response was a combination of smooth 
pursuit and saccadic jumps. During the 
10-sec. interval shown, 21 saccades were 
counted. On the control run (Fig. 2), S 
released the joy stick, and the tape re- 


— 
corder produced an exact copy of the The other columns show the frequency 
larget movements seen during the test 


of saccades during runs with various 

run. Thirty-three saccades occurred dur- amounts of delay between movement o! 
ing the interval shown. the joy stick and movement of the visu 
The results obtained from target. Whether the delay was .18, .36 
are presented in the table. An analysis of or 1.44 sec., each S showed fewer saccades 
variance showed that the frequency of on the test run than on the paired contre 
saccades during control runs does not run. An analysis of variance was done on 
change significantly over the delay inter- the distribution of control-test difference? 
vals, F (4, 23) — .46, although there are over the delay intervals. This showed that 
significant differences between Ss, F (6, the delay interval had a significant effect 
23) = 31.6, p < .01. F (4, 23) = 6.11, p <.01, | 
The left-hand column shows that when Because of blinking, numerous doubtft 
the visual target moved synchronously saccades, and the differences between 55, 
with the hand, the frequency of saccades one should not attach any great signifi" 
ranged from 85 to 158 per min. The cor- cance to the absolute number of saccade? 
responding control values ranged from 121 counted during 1 min. of tracking. Neve™ 


to 332 saccades per min. (The figures 
presented for S; and S; are single counts. 
Each of the others is the mean for two 
trials, one before and one after the trials 
with target delay.) In every case, fewe! 
saccades were made on the test run than 
on the matched control run. 


all seven Ss 


TABLE 1 
z NUMBER or SACCADES PER MINUTE OF VisuaL 


TRACKING 


| Delay between movement of hand and visual display 2s 
P | sec.) H 
"meg d l T. Hh s eem. ud 
| 0 v» & Lua | g | .36 | [s | m | g | 144 s 
1 85 | 121 | 46 | 8 | 0 | ng | | E 
8 60 
2 | 129 | 190 | 128 205 | 150 | 193 | 206 | 215 165 163 
3 152 | 236 | i | se | | z | or | 22 | 2 2 
1 HS | 22 | 139 | 26 | 2 | 2350 | 210 | 205 | to, | 17 
5 ia | 45 | fe | dà | 29 | 12 19 | 157 | 187 
6 Mà | 446 | 39 | 455 588 | 3 | (5; 145 135 | 167 
7 140 | 332 | 185 | 23 Di | 281 | 28 255 E 
-—— rg se eq 
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Frequency of Saccades (% of Control) 
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Delay Between Movement of Hand and Target (Sec.) 


Bic, 3. 
of hand and of visual target. 


1 min. of visual tracking, expressed as percentage of control. 
is the mean of two trials, one before and one after the four tri: 
Scale of abscissae is logarithmic. 


target motion. 


Frequency of saccades as a function of delay between movement 
(Each open circle is the number of sacca 


les in 
ch filled circle 
Is with delayed 
The intercept of the best- 


fitting straight line is 6357, and the slope is 20^; /second of delay.) 


theless, it may be instructive to consider 
the relative number, as compared with the 
matched control run. In Fig. 3, the 
ordinate of each point is the frequency of 
saccades, expressed as a percentage of the 
control. All except three points are scen 
to fall below the 100% line. In addition, 
there is an apparent tendency for the 
relative number of saccades to increase with 
increasing delay between the hand and 
target. An analysis of variance, done on 
the distribution of test/control ratios, 
showed that these values do change sig- 
nificantly over the delay intervals, X (4, 
23) = 6.28, p < .01. Since there is no 
assurance that the test/control ratios are 
distributed normally, a further analysis 
was done on the logarithms of the test 
control ratios, and these values also were 
found to change significantly over the de- 
lay intervals, F (4, 23) = 5.15, p < 01. 


DISCUSSION 


In previous studies, the frequency of. sac- 


cadic eve movement has been taken as an 


index of error in tracking performance (Stein- 
bach, 1969; Steinbach & Held, 1968). Prob- 
ably a better index would take into account 
the angular distance between the fovea 
centralis and the retinal image of the target. 
For obvious technical reasons, this quantity 
is much more difficult to obtain than a count 
of saccadic jumps. However, it is reasonable 
to assume that saccades occur in response to 
a misalignment of the fovea and the target 
image. On that assumption, one may employ 
the frequency of "corrective saccades" as a 
crude index of tracking error. A decrease in 
the number of saccades per minute would thus 
indicate an improvement of tracking per- 
formance. 

The results obtained with synchronous 
movement of hand and target confirm Stein- 
bach's (1969) experiment and also refute a 
possible objection to that study. In Steinbach's 
"passive" condition, Æ moved the target 
through a pattern of displacements "similar" 
to the one S produced in the active condition. 
Since the two patterns were not identical, the 
observed difference in tracking performance 
might have been due to subtle differences be- 
In the present work, the target 


tween them. 
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followed exactly the same pattern of displace- 
ments during test and control runs. Further- 
more, each trial lasted 60 sec., as compared 
with the 10-15 sec. used in Steinbach's experi- 
ment. Despite these differences in technique, 
our results were essentially the same as those 
reported earlier: All Ss performed better when 
the target was under manual control. This 
finding has been taken as evidence that the 
oculomotor system has access to outflow 
information from the system controlling hand 
movements. 

The "outflow" hypothesis is supported by 
numerous lines of evidence. In monkeys, 
denervation studies have shown that the 
absence of vision and proprioception does not 
eliminate voluntary movements or impair 
prism adaptation (Knapp, Taub, & Berman, 
1963). Normal humans can arrest errors of 
movement in less than the minimal time 
needed to process visual or proprioceptive 
information (Higgins & Angel, 1970). "They 
can also recognize their own errors without 
external stimuli and in the absence of the 
signal to which they responded incorrectly 
(Rabbitt, 1966). Together with the data from 
eye tracking studies, these findings tend to 
confirm the reality of a monitored or seconc 
outflow (von Holst, 1954; Sperry, 1950). 

In spite of the evidence for a monitored 
outflow, this hypothesis is not required to 
explain the results obtained with asynchronous 
movement of hand and target. When move- 
ment of the visual target lagged behind that 
of the joy stick by intervals up to 1.44 sec. in 
length, the eye was still able to follow the 
target more accurately on a given test run 
then on the paired control run. Hence it 
appears that information about movement of 
the hand is available to the oculomotor system 
for a considerable time after the movement is 
executed. During that interval, S receives 
input from the eyes, as well as from the 
muscles, tendons, joints, and skin, informing 
him about the movement of the hand. With 
so much information available, there is no 
need to postulate that the oculomotor system 
uses efferent signals from the manual control 
System. Of course, the data do not exclude 
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the possibility that outflow signals are em- 
polyed in addition to the sensory information, 
but they certainly do not require that assump- 
tion. [tis more parsimonious to assume that 
information about movement of the hand is 
stored in memory and remains accessible to 
the oculomotor system for an appreciable 
length of time. : ; 

In a study of adaptation to displaced visual 
feedback from the hand, Held, E tathiou, 
and Greene (1966) found that the correlating 
mechanism, believed to account for adaptation, 
cannot handle a feedback signal delayed by as 
little as .3 sec. This result sug that the 
mechanism responsible for prism adaptation 
is different from that regulating normal 
hand-eye coordination. 
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SPEED/ACCURACY TRADE OFF AND PRACTICE AS 
DETERMINANTS OF STAGE DURATIONS IN A 
MEMORY-SEARCH TASK! 


BARRY L. LIVELY ? 


Bowdoin College 


In a memory-search experiment, 
to the posit 
and negative items w 
sets were conson: 
the other set digits). 


presented items included stimuli belonging 
e set (which contained one, two, or four consonants or digits) 
hich were either of the same class as the positive set (both 
ants or digits) or of a different class (one set consonants and 
"The slope of the reaction time function for conceptually 


different negative items was less than for negative items of the same category 


as the positive set. 
same-category negative 
a different category. 


Practice allected slopes and intercepts for positive and 
items but only the intercept for the negative items of 
For each kind of item the speed/accuracy trade off 


affected only intercept values; its contribution was interpreted as an initial 
effect on both stimulus encoding and response components, with the effect 
on response processes decreasing with practice. 


It was recently shown (Lively X Sanford, 
1972) that membership in a well-learned 
category can affect the rate at which infor- 
mation is processed in a memory-search 
task. Using the paradigm developed by 
Sternberg (1966, 1967, 1969), S was given 
a variable number of consonants or digits 
to hold in memory, followed by presenta- 
tion of individual consonants and digits. 
Reaction time (RT) as a function of the 
size of the memorized or positive set (PS) 
was plotted for PS items, NS items (nega- 
tive items of the same conceptual category 
as the positive items, i.e., a negative con- 
sonant presented when consonants con- 
stitute the PS), and ND items (negative 
items of a different conceptual category 
from the positive items, i.e., a digit pre- 
sented when the PS contains consonants). 
Consistent with Sternberg's (1966) hypoth- 
esis of serial and exhaustive search, the 
functions for Cond. PS and NS were linear 
and of equal slope (39.9 msec/item and 
43.8 msec/item, respectively). The func- 
tion for Cond. ND was also linear but of 
lower slope (25.0 msec /item) than the other 


as 
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two conditions. Intercepts were the same 
in all conditions, suggesting that nonsearch 
operations such as those required for encod- 
ing the presented stimulus and selecting 
and initiating a response were not responsi- 
ble for the difference in performance under 
Cond. ND. In the course of examining 
alternative explanations for these results, 
the data were analyzed in terms of S's 
fastest correct RT under each condition. 
It was observed that the slope of the func- 
tion relating size of the PS and fastest RT 
for Cond. ND (22.8 msec/item) was the 
same as that for mean RT, while the slopes 
for Cond. PS (19.0 msec/item) and NS 
(29.0 msec/item) declined to values ap- 
proximating that for Cond. ND. 

'The present experiment was designed to 
test the generality of the findings for mean 
and fastest RT under conditions known to 
affect the slope and/or intercept of the 
RT X Size of PS function. As in the 
Lively and Sanford (1972) experiment, 
stimulus probabilities were equal across 
Cond. PS, NS, and ND; the design was 
extended by carrying testing over three 
sessions instead of one and including 
(within-S and within-session) payoff sched- 
ules differentially emphasizing speed and 
accuracy of responding. 

Using conditions comparable to Cond. 
PS and NS of the present experiment, 
various investigators have found a reduc- 
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tion in slope and intercept with extensive 
practice (Briggs & Blaha, 1969; Ross, 
1970). This suggests effects in terms of 
search and nonsearch components. The 
question here was whether the difference in 
slope for Cond. NS and ND would be 
reduced with practice. In addition, the 
practice variable was included to observe 
its effect on fastest RT, which had already 
been shown to be sensitive to size of the PS. 

Further generality would be achieved if 
the difference in slope for Cond. NS and 
ND were maintained under different em- 
phases on speed and accuracy. Swanson 
and Briggs (1969) and Briggs and Swanson 
(1970) found an effect on the intercept but 
not on the slope of the function relating 
size of the PS and RT ina memory-search 
task manipulating the speed /accuracy trade 
off. Since the response decision was viewed 
as being essentially automatic, they as- 
sumed the locus of the effect of the trade 
off to bein the stimulus encoding operation. 
The present experiment permitted further 
examination of this interpretation. Unlike 
their experiment, the present study utilized 
imbalanced response probabilities, with a 
negative response being correct two-thirds 
of the time. If manipulating speed and 
accuracy has an effect on the postsearch 
processes of response selection and initia- 
tion, an interaction should be evident be- 
tween speed/accuracy trade off and re- 
sponse type; that is, the difference in RT 
between Cond. PS and NS should be sensi- 
tive to the trade off. This prediction fol- 
lows from application of Sternberg's (1969) 
additive factor method. The central as- 
sumption of this method is that simultane- 
ous manipulation of independent Variables 
affecting the same stage(s) should produce 
an interaction, while manipulation of vari. 
ables affecting different Stages should result 
in additivity of effects. 
shown that stimulus probabi 
lus type affect different pos 
In the present experiment, t 
confounded, and the presence of an inter- 
action between speed /accuracy instructions 
and Cond. PS versus NS would be indica- 
tive of an effect on one 


or more of these 
postsearch Stages, |f, however, the speed / 


Sternberg has 
lity and stimu- 
tsearch stages, 
hose stages are 
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accuracy trade off effect is contined to pre- 
search ‘stages, the described interaction 
should not be in evidence. " 

The effect of speed accuracy trade off 
upon the fastest RT is also of a 
The conditions of the Lively and Sanforc 
(1972) experiment favored accuracy, and 
the fastest RT was seen to be sensitive to 
size of the PS, indicating that S was d 
some sense always processing the stimulus. 
As demands are made for greater speed, 1t 
may be the case that S would peepee 
his response independent of the presented 
stimulus; given these conditions, the faste! 
RT should be independent of size of the PS- 


METHOD 


Subjects—The Ss were 12 volunteers (3 of m 
were women) who responded to an advertiser. 
Some of them were Bowdoin College slider 
others were participants in summer pisse yr. 
high school teachers. Ages ranged from 17 to d les 
The Ss were paid according to the payoff sched! 
given below, Gait 

Procedure—The S was seated appre ximately de 
from a white cardboard screen on which slides we 
projected by a Kodak Carousel 750 projector. ret 
the beginning of a trial, E said "Ready" fol Oy 
1-3 sec. later by the opening of a shutter which : o 
mitted the display of the stimulus. At the onse me 
stimulus presentation, a photocell embedded at i B 
side of the screen activated a voice key and t t 
The trial was terminated by S responding E 
to PS items or "BO" to NS and ND items. 
responses were used to equate onset. character a 
of positive and negative responses, The shutter rs 
then closed and Æ reported whether S was col 
and gave his RT to the nearest millisecond. ally 

The consonant and digit stimuli were individus v 
lyped in uppercase elite type directly on EN 
Ektagraphic: Write-On slides. The stimuli "the 
were the consonants B,F,H,J,K,L,N,R and con 
digits 1-8. Each of four groups of Ss had foun 1S 
sonants or digits reserved as PS items, while Hm d 
stimuli were four items of the same category fron! 
PS and the ND stimuli were four items drawn ant? 
the other category. Over Ss, the various consona nc 
and digits we ed equally often as PS, No jd 
ND stimuli sof the PS (one, two, or four ite m- 
varied from one trial block to another, with the p 
position of the PS rem n 


j aining fixed within ea the 
block. The three PSs used for each 5 remainee i 
Same throughout testing. Composition of eae 
and ND stimulus Sets remained fixed throug 


the experiment. 
Within cach trial block, 
used for Practice, 
test trials were diy 
ND conditions; 


the first 8 os 
followed by 48 test trial 
ided equally among PS, Na 
the order of testing conditions 
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trade off, practice, and size of PS. 


random with the restriction that no more than four 
items from the same condition be permitted to 
occur in sequence 

Each S was given six trial blocks on each of 3 
successive da Within each day, half of the .5s 
were administered the first three trial blocks under 
speed instructions, followed by three blocks under 
accuracy instructions, while the remaining Ss were 
tested in the opposite order. The order of speed 
and accuracy conditions alternated from one day to 
the next for each S. The order in which sizes of the 
PS were tested was the same under speed and ac- 
curacy conditions within each day for a given S. 
The order was rotated from one day to the next for 
each S and was counterbalanced across Ss each day. 

Speed and accuracy instructions. —At the beginning 
of each set of three trial blocks, S was informed 
whether he was to work for speed or accuracy. He 
was shown the formula which governed his pay for 
that set of trial blocks and was given a verbal 
description of the formula with an example. The 
formulas used are as follows: 


Speed: 


Pay =$.50+8.0008[1,000—RT— 5(No. Errors) J, 


Accuracy: 


$.50-+$.0012£1,000 — RT'— 10(No. Errors) ], 


Pay 
where RT is the mean correct RT over all sizes of 
the PS and kinds of stimuli (PS, and ND), 

The value of speed was emphasized under one 
condition, while the cost of errors was noted under 
the other. At the beginning of the second and 
third sessions, S was told the total amount he had 
earned the previous day. 


RESULTS 


The median correct RT and fastest cor- 
rect RT as well as number of errors were 
determined for each S for each condition. 
Although mean RT was reported in the 
earlier work (Lively & Sanford, 1972), 
medians proved to be somewhat more stable 
here under the varying demands for speed 
and accuracy; auxiliary analyses have 
shown that the use of means or medians 
had no important effect on the interpreta- 
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TABLE 1 


LINEAR EQUATIONS FOR THE Major REACTION 
Time (RT) Functions IN THE EXPERIMENT 


Cond. and day | 


Speed Accuracy 
Median 
PS 
1 352 +32 S 388 + 43 S 
3 302 +22 S 349 +25 S 
3 310+ 85 342 + 16 S 
Av 320 424S 360 + 28 S 
NS 
1 332 + 28 S 397 + 36 S 
2 292 +19 S 334 + 30 S 
3 282 + 13 S 322 + 19 S 
Av. 302 + 20 5 351 + 29 S 
ND | 
1 y 340 +18 5 416 +13 5 
2 29 ES | 3484155 
3 200+ 6S | 33241085 
Ay. 310 +12 5 365 + 13 S 
Faster 
PS 
1 282 + 17 S 324 +18 S 
2 242 + 14 5 276 + 14 S 
3 246 + 85 266 + 12 5 
Av 256 + 13 S 288 4-15 5 
NS 
1 232-F21 | 318+255 
2 | 222--135 | 2834135 
3 | 2233+ 0S | 263-- 95 
Av. 232+ 11S 288 + 16 5 
ND 
1 22+ MS 306 4-21 5 
2 220 +12 5 280 + 12 5 
3 223+ 05 | 248-13 S 
Av. | 232+ 95 | 2784155 


tion of the data in either the present or 
earlier experiment. Means for median and 
fastest correct RTs are displayed in Fig. 1, 
in which successive pairs of panels give the 
data for speed and accuracy conditions for 
each day. An equation for the best-fitting 
straight line was derived for each set of 
data; the equations are given in Table 1. 
These equations are included. for purely 
descriptive purposes; the data were not 
tested for linearity. In each case the data 
were pooled over consonants and digits 
Since in no case were consonants and digits 
found to produce reliably different RTs, 
Median correct RT was analyzed separ- 
ately for Cond. PS, NS, and ND by analysis 
of variance, Figure 1, Table 1, and support- 
Ing analyses show size of the PS to be à 
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highly significant variable under all condi- 
tions, p < .0005, in cach case. Inspection of 
Fig. 1 and Table 1 suggests that the speed 
accuracy trade off was also effective. T his 
was found to be the case under each condi- 
tion; p < .025 for PS, p < .005 for NS, 
and p < .005 for ND. The effect of the 
speed/accuracy trade off was mainly con- 
fined to variations in intercept; although 
slopes of the functions appear to be wt 
under the speed instructions, a genera Y 
reliable effect was not found since the 
Speed/Accuracy X Size of PS rr oi 
was not significant for either Cond. e 
P > 410, or Cond. ND, F < 1. An inter" 
action was found approaching significance 
for Cond. NS, b «10. In all conditions: 
practice brought about significant ac 
tions in RT; in each case, p < .0005. I i. 
effect is seen in reduction of both Lp on 
and slope for Cond. PS and NS, while vi 
Cond. ND the effect is confined mainly ue 
the intercept. These observations are Goll 
firmed by the Practice X Size of PS ae 
action; for PS, p < .0005, for NS, p < Eos 
and for ND, .10 > p.05. The remaintne 
interactions of Speed/Accuracy X Practict 
and Speed/Accuracy X Practice x Size 0 
PS produced 7 ratios of less than one IP 
each condition. seit 
In other analyses of median RT a signi- 
ficant interaction was found between nature 
of negative stimulus (NS vs. ND) and au" 
of PS, p < .0005, replicating the basic j^ 
sult of the earlier experiment. (Lively e 
Sanford, 1972). The relation between bur 
slopes of the NS and ND functions SRI 
according to speed and accuracy imam. 
tions, p < .025, with the variation in slop, 
being confined to Cond. NS. This effec ; 
however, is small; in Table 1 it is seen tha 
the slope for the average function for Conc? 
NS under Speed instructions is only 9 nigel 
less than under accuracy 
The differenc 
NS and 
Visu 


instructions. I 
€ in slope between Cone 
ND decreased. with practice 
al inspection of Fig. 1 and Table : 
show the effect as à reduction in bafi 
intercept and slope, the effect being large 
for Cond. NS, 
ported h 
of PS 


Fhis conclusion is p 
y the significant NS/ND X $ 25; 
X Practice interaction, p < 0^ 
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and the NS/ND X Practice interaction, 
b «.01. 

The serial exhaustive scanning hypothe- 
sis predicts equal slopes for Cond. PS and 
NS, an expectation borne out by Fig. 1 and 
Table 1 and the nonsignificant PS/NS 
X Size of PS interaction, F < 1. Further- 
more, no overall difference was found be- 
tween Cond. NS and PS, p > .05. The 
Speed/Accuracy X PS/NS interaction was 
significant, p < .05, the principal effect in- 
volving a greater reduction in intercept for 
Cond. NS under speed instructions. This 
effect is small and decreases with practice 
as suggested by the Speed/Accuracy X PS 
NS X Practice interaction, p < .05. Over- 
all, the difference in RT attributable to the 
speed /accuracy trade off did not change as 
a function of practice, F < 1. Similarly, 
the relation between PS and NS showed 
no change with practice, F < 1. 

Separate analyses were performed for 
fastest RT under Cond. PS, NS, and ND. 
As is evident in Fig. 1 and Table 1, size of 
the PS was a significant variable, p < .01, 
for each condition, replicating the earlier 
finding for fastest RT. The speed/accuracy 
trade off was significant, p < .01, in all 
cases, as was practice, p < .0005, in all 
cases. Except for a significant Practice 
X Size of PS interaction for Cond. NS, 
p «.01, no other interactions were 
significant. 

In an analysis comparing fastest R’ 


Ts 
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for Cond. NS and ND, it was found that 
RT was slightly faster on the average 
(8 msec.) to ND stimuli, p < .05. A signi- 
ficant Speed/Accuracy X NS/ND X Prac- 
tice interaction, p < .05, is indicative of a 
slight tendency for the difference between 
NS and ND conditions to decrease with 
practice under accuracy instructions, while 
showing a corresponding increase under 
speed instructions. While significant, the 
magnitude of the effect suggests it to be 
rather unimportant. As observed earlier 
(Lively & Sanford, 1972), the slopes of 
fastest RT functions were approximately 
the same under Cond. NS and ND; the 
NS/ND X Size of PS interaction was not 
significant, F < 1. Although zero slopes 
were obtained under instructions for speed 
for both Cond. NS and ND on Day 3, 
neither the Speed/Accuracy X Size of PS 
interaction nor the Speed/Accuracy X Size 
of PS X Practice interaction was signifi- 
cant, p > .10 in both cases. 

In an analysis comparing fastest RTs 
for Cond. PS and NS, no overall differ- 
ence was found between Cond. PS and NS, 
p > 40, while the Speed/Accuracy X PS/ 
NS interaction was significant, p < .01. 
This latter result is seen in Fig. 1 as a 
tendency for the negative responses to be 
faster than positive responses under condi- 
tions of speed but not accuracy. No other 
significant interactions were obtained. 

Error rates for each condition are given 


TABLE 2 


Presented item 


h PS: NS: ND: 
Instruction | Day | Size of PS | Size of PS Size of PS 
} a 2 4 2 4 i | 2 | 4 
Speed 1 | 167 | 234 250 | .005 | .021 | .i30 |. 005 | .021 | .031 
2 172 | .234 245 031 | OR 094 | .104 | 031 047 
| 3 | -208 | .276 318 036 052 .057 (042 O42 047 
| | | 
Accuracy | 1 481 | .068 | .100 | 021 4021 442 | 005 | 442 | .021 
| & 068 | .100 135 021 | .010 | .057 000 | .021 O10 
3 | J04 | .078 A15 O10 | O21 .036 005 , .016 | O10 
| 


102 


in Table 2. Analyses of variance reveal 
diee effects for Cond. PS and NS, 
but in no case was significant variation in 
error rate produced for Cond. ND. The 
speed/accuracy trade off affected errors 
for Cond. PS, p < .0005, and NS, p < .05, 
as did size of the PS, p < .025 and p < .01 
for Cond. PS and NS, respectively. Prac- 


tice did not systematically affect error rate 
in any condition. 


Discussion 


The capacity for using category information 
in a memory-dependent search task (as indi- 
cated by the difference in slope between Cond. 
NS and ND) has been demonstrated under 
conditions which affect the durations of various 
stages of information Processing. The effect 
was demonstrated under the opposing demands 
of speed and accuracy instructions which 
affected nonsearch stages and at various levels 
of practice which affected search and 
Search stages alike, 

Both the speed/accuracy and practice vari- 
ables were observed to affect the difference in 
slope between Cond. NS and ND. The slope 
of the NS function showed a greater tendency 
to decline under conditions emphasizing speed 
or conditions of advanced practice, 

The reasons for the differential effect of the 
speed/ accuracy trade off are not clear; part 
of the explanation may be that under speed 
instructions and with imbalanced response 
probabilities S tends to preprogram negative 
responses, Such a strategy would depress the 
difference between NS and ND slopes, but it 
would be expected that the fastest RT would 
be a sensitive index of the strategy. [t is only 
on the third day of testing, however, that the 
slopes for fastest RT functions under speed 


structions reflect such a Strategy by evidenc- 
Ing zero slopes, 


The finding th 
of the function 1 
may reflect an in 
the presented 
has been Shown here to ci 
às identity information, 
mation can þe us 


as a member of the PS, 


non- 


at practice affected the slope 
nore for NS than ND stimuli 
crease in efficiency of encoding 
stimulus, Stimulus encoding 


an ND stimulus 
but only identity 
aling with the NS 
Confounded with identity is the set 
which define 
Same ps, NS, a 
used throughout, the 


an item. 
nd ND stimuli were 


role of physical aspects 
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of the stimulus as discriminating eae 
would be expected to increase, thus prov reine 
a third source of information. The — a 
benefit to performance might be peed ‘hie 
be greater for NS than ND stimuli mae the 
former are more similar to the PS items 
sense of sharing a category. Y exerted little 
The speed /accuracy trade olf exer : hor 
effect on search time. The locus of pent 
is thus restricted to pre- and senar : x PS 
Finding a significant Speed, espe ` trade 
NS interaction suggests an effect of t h aation 
off in the response-selection and ih prac- 
stage. The reduction of this Gee Wit poem 
tice in the presence of a continuing. itially 
effect of the trade off suggests that ini anda 
the durations of both stimulus pco m oft 
response stages are affected by the ad initia 
with the effect on response selection and ! " 
tion dropping out with practice. " -— ) 
An interpretation in terms of à Dr j 
stage is compatible with deductions inam ; 
sampling models (Fitts, 1966; Stone, | tha 
According to these models, the likelihood M 
à given stimulus was presented ee 
information ig sampled at a constant rate rmi- 
the presented stimulus. Sampling is ia 
nated either at the end of a specified ial 
or after sufficient information has sestued ni 
Fespect to one stimulus alternative. a a ot 
case, the process results in the — che 
identification. of the stimulus. for which te 
most information has accumulated. ime 
predicted covariation of accuracy and ae 
required to respond was observed here as 969) 
as in the work of Swanson and Briggs a 
and Briggs and Swanson (1970). ine gentile 
Another point is suggested concerning Sore 
pling of the stimulus input, Tt was found SN 
(and by Swanson X Briggs, 1969; Sus 
Swanson, 1970) that intercept va while 
affected by the speed/accuracy trade of alitY 
slopes were not. This implies that the qua 
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nte 
E . ed 19777 
of the stimulus representation RET, the 
the search operation is independent n 


time required to 
inference that 
independent 


obtain it, (The fi 
all subsequent processing... 
e ish 
he 
he 
° jeher 


of sampling time must be zl 
pered by the suggestion that, at least initie 
response processes are also affected by 
trade off) Since the identification 
category of the presented stimulus ie el nti- 
dependent on, or simultaneous with, the ide à 
fication of the name of th 

the speed 
effect on 


jmulu® 
e presented Ur a 
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accuracy trade off, if it only h 
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would not be expected to modify the 
difference in slope between Cond. NS and 
ND. 

The fastest RT was found to reflect aspects 
of stimulus processing and strategies for re- 
sponding. Except for negative responses under 
speed instructions on Day 3, the slope of the 
RT function for each kind of stimulus was 
positive throughout. practice, suggesting that 
the stimulus was being matched with members 
of the PS. Response strategies were evident 
in two forms. In the first 2 days of testing, 
equal slopes were obtained for positive and 
negative responses under speed and accuracy 
instructions. Intercept values for negative 
responses were more affected by the trade off 
than intercepts for positive responses. This 
would seem to mean that response decision 
and initiation time following search was fore- 
shortened for negative responses under the 
joint influence of speed instructions and im- 
balanced response probabilities. On Day 3, 
these factors apparently produced à gross 
response strategy of preprogramming negative 
responses, which was seen as zero slopes for 
negative responses. 

The sensitivity of the fastest RT to a range 
of variables argues for the continued investiga- 
tion of its characteristics. It is clear, however, 
that as a measure it must be interpreted with 
It follows from the input sampling 
models (Fitts, 1966; Stone, 1960) that inter- 
pretation of differences in mean or median 
RTs must take into account relative error 
rates. The counterpart to an error rate for 
fastest RT is not available, although “fast- 
guess” models (Ollman, 1966; Yellott, 1967) 
may eventually be able to provide such an 


estimate, 


caution. 
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VERBAL REPORT AND VISUAL MATCHING LATENCY 
AS A FUNCTION OF THE PRONOUNCEABILITY 
OF LETTER ARRAYS! 


MAURICE HERSHENSON ? 
Brandeis University 
Three experiments are reported comparing performance in response to pro- 


nounceable (P) and unpronounceable (UP) arrays of letters. In Exp. I, three 
groups of Ss, differing in instructions and in experience with the stimuli, were 


shown the arrays for a brief duration (19 to 32 msec.). 
memorized the stimuli did not show differe: 


the pronounceability of the letter 


also used in these studies, 


Degree of familiarit 
Results suggest th 
role in the retentio 
representation. 


Why is performance in a recognition task 
better for arrays of letters which follow 
the rules of English orthography than for 
arrays which do not?? If the response in 
the recognition experiment is viewed as the 
consummation of a series of processes, then 
the answer may involve (a) the reception 
of stimulus information ("perceptual" ex- 
planation), (b) the encoding, storage, and 
retrieval of this information ("memorial" 
explanation), or (c) the availability and 
production of responses ("response bias" 
explanation). Perceptual | explanations 
have been proposed in terms of differential 
"sensitivity" and "expectancy": (a) In 
acquiring reading skills, S becomes sensi- 
tive to "superforms" organized according 
to the “‘auditory—vocal temporal patterns" 
inherent in the relationship between written 
PEDAL Am 
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* The term * 


aurice 
sychology, Brandeis 
achusetts 02154, 

A 'pronounceability" and such phrases 
as "effect of pronounceability," etc., will be used 
as shorthand descriptions for these differences, 
29 particular theoretical explanation of the effect 
15 Implied by the use of these terms. 


The group that had 
ntial performance as a function of 


arrays; the other two groups reported more 
letters correctly for P arrays than for UP arr. 


time was measured for "sawr'-"prrEERE 
presented simultaneously for 100 or 1,000 msec. 


In Exp. IL and IIT, reaction 
response to pairs of arrays 
Trained and naive Ss were 


Response category (S-D) interacted with pro- 
nounceability and with number of letters in the 


y with the stimuli and stimu 
at the degree of pronounceabil 
n and report of stimulus inform. 


array in both experiments. 
lus duration had no effect. 
ity of letter arrays plays a 
ation rather than in its first 


L 


and spoken English (Gibson, Pick, Osser, 
& Hammond, 1962), or (b) S's expectations 
with respect to the stimuli in an experiment 
act to “tune” the perceptual system to use 
units of different size for analyzing pro- 
nounceable (P) and unpronounceable (UP) 
stimuli (Aderman & Smith, 1971). 

Differential sensitivity has general ap- 
plicability as an explanation of the pro- 
nounceability effect because it develops a5 
a function of reading experience. Expec- 
tancy is a concept of limited applicability 
because expectations are formed in response 
to the immediate experimental situation» 
€g., when similar stimuli are presented 1n 
blocks rather than intermixed, In addi- 
tion, response bias may be eliminated as a? 
explanation because nonverbal responses 
also manifest the effect (Aderman © 
Smith, 1971; Gibson et al, 1962). Thus 
the pronounceability effect, as a genera 
phenomenon, may be a result of either 
differential receptive processes or differ- 
ential memorial processes taking place 
prior to the response. 

The experiments reported studied the 
role of Pronounceability in two different 
tasks—a recognition task with verbal 
report of letters seen, and a matching task 
in which Pairs of arrays were judged 
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"SAME" or "DIFFERENT." The P and UP 
arrays were randomly intermixed in these 
experiments to eliminate the possibility 
that "expectancy" could play a role. To 
aid in assessing the contribution of storage 
processes, one group of Ss was required 
to memorize the population of stimuli 
before participating in the experiment. 
This is a procedure which had been found 
to be effective in reducing the degree to 
which the activity of memorial (eg., 
differential forgetting) and response pro- 
cesses (e.g., guessing) were represented in 
verbal responses in a similar recognition 
experiment (Hershenson, 1969). 


EXPERIMENT I 
Method 


Groups.—There were three groups of S: 
Trained-No Guess (T-NG) group, a Naive 
Guess (N-NG) group, and a Naive-Forced Guess 
(N-FG) group. The T-NG group memorized the 
population of stimuli used in the experiment. Be- 
fore beginning the experiment proper, these Ss 
scored 95% correct or better on a recall test, given 
only the first letter in the array (or the first two 
letters when more than one array started with a 
particular letter). The N-NG and N-FG groups 
were naive in the sense that they had not seen the 
stimuli prior to the experiment. The N-NG group 
was similar to the T-NG group in two wa (a) On 
each trial, both groups were shown the stimulus 
immediately preceding the exposure, and S spelled 
out loud the letters in the array (the "prior knowl- 
edge” operation of Haber, 1965); and (5) they both 
were instructed to report the letters they saw after 
If uncertain about what they had 
scen, they w not to guess but to say "Blank" 
(the No Guess instruction). The N-FG group was 
not familiar with the arrays, was not shown the 
stimulus array prior to the exposure, and was 
instructed to guess after each exposure even when 
ain about what they had seen (the Forced 


each exposur 


uncert 
Guess instruction). . 
Subjecis.—The Ss were 25 graduate and under- 
graduate students at Brandeis University. The 5 
Trained Ss were paid $2.00/hr to work for an ex- 
tended period of time in order to memorize the 
stimuli. The remaining 20 5s were paid at the same 
rate to serve in the short experiment. These Ss 
were randomly assigned to one of the two Naive 
: E 
m imuli.—The stimuli were the 50 arrays of four 
to eight letters each, devised by Gibson et a 
(1962): half P and half UP in the sense that ; 
arrays have a high spelling-to-sound correlation m 
UP “arrays have a low spelling-to-sound corre a- 
tion. The P arrays consisted of an initial eis 
spelling followed by a vowel spelling and another 


consonant spelling, each having a single regular 
pronunciation. GLOX, BESKS, and QUEESK are 
examples of four-, five-, and six-letter P arrays, 
respectively. The UP arrays were constructed from 
the P arrays by interchanging the positions of the 
initial and final consonant spellings. For example, 
the P array GLox would become the UP array xoGr, 
the P array BESKS would become the UP array 
SKSEB. 

The stimulus arrays were lettered in black on 
white paper using a LeRoy lettering stencil No. 
0300-290CL with pen No. 4. They subtended a 
vertical visual angle of .3? and a horizontal visual 
angle of 2.3? at the maximum. The arrays were 
exposed in one channel of a Scientific Prototype 
three-channel mirror tachistoscope (Model GB). 
The durations for which the stimuli were exposed 
were determined individually for each S in a prac- 
tice session. A duration was selected for each S 
which would yield correct report of from two to 
three letters on the average. The actual durations 
ranged from 10 to 32 msec., with means of 20.4, 
2 and 19.0 msec. for the T-NG, N-NG, and 
N-FG groups, respectively. The luminance of 
both the stimulus and adapting fields was approxi- 
mately 19 ftl. (65 cd/m?). 

Procedure —Memorizing the stimuli required a 
large expenditure of time and energy. Since their 
status as Trained Ss would not be altered by 
multiple exposures of the stimuli, these Ss partici- 
pated in two replications of the experiment. The 
Naive Ss could not be allowed the same degree of 
exposure to the stimuli and still remain naive. 
Therefore, the 10 Ss in each of the Naive groups 
participated in only a single replication of the experi- 
ment. Thus, 1 S in the T-NG group supplied the 
same amount of data as 2 Ss in each of the other 
groups. Nevertheless, the basic datum— percentage 
of letters correctly reported per cell—was based on 
the same number of responses in each group. 

There were five lists of stimuli, each containing 
the 50 P and UP arrays in a different random order. 
A practice list was used on the first day to determine 
the stimulus durations to be used in the subsequent 
experimental sessions. The T-NG group saw all 
five lists, each S getting a different random order of 
lists in one session of about 50 min. The Naive 
groups saw two lists, randomly selected from the 
five for each S, in one session of about 20 min 

A typical experimental trial started with 
looking at a fixation field containing two faint 
horizontal lines which defined the area in which 
the arrays would appear. The Ss were instructed 
to fixate between two dots which bisected these 
lines. This fixation field remained on during the 
exposure of the stimulus field and served as a 
partial mask by decreasing the contrast of the 
stimuli. For the groups receiving the prior knowl- 
edge condition, each trial began with the stimulus 
array exposed. The channel was extinguished after 
S called out the letters in the array. The E then 
called “Ready,” and illuminated the stimulus field 
for the duration which had been previously deter- 
mined. The S responded by calling out letters in 
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as a function of pronounceability for 
three groups in Exp. T. 


accordance with the No Guess or Forced Guess 
instructions. 


Resulls and Discussion 


An analysis of variance was computed on 
2 arcsin yx transformations of proportions 
(percentage of letters correctly reported). 
The N-FG group reported many more 
letters correctly than either of the other 
groups, and the N-NG group performed 
slightly better than the T-NG group, F 
(2, 27) = 8.63, p < .01. More letters 
were correctly reported from P arrays 
than from UP arrays, F (1, 27) = 39.23, 
b «.01. The interaction, F (2, 27) = 
6.38, p < .01, is shown in Fig. 1, where the 
percentage of letters correctly reported is 
plotted for P and UP arrays for each group 
separately. More letters were correctly 
reported from P stimuli than from UP 
stimuli by Ss in both Naive groups, but 
there was no difference between the two 
stimulus types for 
(Newman-Keuls test). 

Pronounceability entered into the pro- 
cessing when Ss had either no exposure to 
the stimuli at all (N-FG group) or had 
seen the arrays immediately prior to the 
experimental exposure (N-NG group), and 
it played a role whether or not Ss were 


the Trained group 
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instructed to guess. Therefore, the su- 
perior performance of the N-FG group 
over that of the N-NG group probably was 
not a result of differences in the percepti- 
bility of the stimuli, but of the guessing 
behavior of the N-FG group. 

'The fact that an effect of pronounce- 
ability was not manifest by the T-NG 
group can be interpreted in two ways: (a) 
The training procedure may have made 
the UP stimuli into P stimuli, perhaps, 
by allowing S to insert vowels of his 
own; or (b) the training procedure may 
have eliminated the need for the part of 
the processing sequence in which pro- 
nounceability had its effect. Making P 
and UP arrays equivalent would eliminate 
the differential effect without eliminating 
the process. However, the training pro- 
cedure has been found to eliminate dif- 
ferential "forgetting" (a memorial pro- 
cess) in a similar experiment (Hershenson, 
1969), suggesting that the latter alterna- 
tive is more probable. If this were the 
case, the differential effect shown by the 
N-NG group could have occurred because 
(a) UP stimuli were more difficult to 
encode than P stimuli, or (b) once en- 
coded, UP arrays were not retained in as 
clear a form as P arrays, or (c) UP arrays 
were harder to decode, i.e, to retrieve 
from storage, than P arrays. 


EXPERIMENT |l 


If pronounceability enters into the pro- 
cessing in à verbal report task by affecting 
a component of the information storage 
process occurring after the first representa- 
tion has faded, then a task which allows 5 
to analyze the first representation directly 
should yield no differences as a function 
of pronounceability or of prior experience 
with the stimulus. One such task might 
be to require S to match two arrays Pre“ 
sented — simultaneously, to determine 
whether they are the same (S) or are 
different (D). The latency of the response 
in this task could provide an accurate 
measure of the role of pronounceability 
and of training. 
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Method 
500 

Stimuli—Vhe stimulus arrays were drawn from o d 
a population of 10 four-letter, 16 five-letter, and 20 ^N 

letter arrays used in the previous experiment. 490) 

se 46 arrays were used to construct test lists of NS 
60 pairs of arrays consisting of 5 pairs of four, five, e "S 
and six letters for each of the four conditions defined 480 B. SR. 
by à 2 X 2 matrix with S-D on one dimension and "Res ü 


P-UP on the other. ‘The 60 pairs were independently 
selected for each of the four and were arranged 
in random sequence. In addition, a list was con- 
structed containing 18 pairs of arrays of numbers to 
be used in a practice session. "I stimuli were 
exposed in one channel of the tachistoscope for a 
duration of either 100 or 1,000 msec. The vertical 
Visual angle of the array: 9^ 


inged from .5? to .7°. 
All other properties of the stimulus arrays were the 
same as in E 

Subjects, — 
graduate students at Brandeis Univ 
5s in the Trained (T) group memorized the popula- 
tion of stimulus arrays and were tested as in the 
Previous experiment. The 10 Ss in the Naive (N) 
group had no exposure to the stimuli prior to the 
experiment. Each S in the T group saw all four 
of the stimulus lists in a different random order, in 


$ 5 : 

One session of about 45 min. Each S in the N 
i lneting 

group saw two of the four lists in one session lasting 
jous experiment, 


about 20 min, As in the previ ; 
cach S in the T group produced the same amoure 
data as 2 Ss in the N group. Nevertheless, the 
* datum—mean reaction time (RT) per celi 
Was based on the same number of responses n 
each group. The SD less than 2065 of mean R 
for all Ss used in this experiment. : 
Procedure.— The Ss were told they would see pa ja 
of pseudowords, one above the other. Their tas 
Was to indicate whether the pairs were the same 
or were different by releasing one of two dem 
Switch keys as quickly as they could. All 5s used 
their preferred hand for the different response. 
Each trial began with S looking into the tachisto- 
Scope at a fixation channel which contained is 
aint lines demarking the areas in which the iym 
of arrays would appear. The S was pies ges 
fixate between two faint dots which ~~. e 
two lines, This fixation field. was oll w i ce 
Stimulus field was on. Prior to presentation 9 ir 
Stimulus, Æ called “Hands dow then Rede 
and then initiated the exposure of the stimulus Lad 
Was measured from the onset of the stimulus field 
"Y a Hunter counter/timer (Model 1520). The two 
Stimulus durations were presented in blocks counter- 
"Maneed across Ss in the N group and with Ss in 
thet" group. Practice was given before each block. 


p. FE. 
"he Ss were 13 graduate and under- 
sity. The 5 


Results 
ance were computed on 
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reciprocal 
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Analyses of vari 
Mean and median RT per S p 
Correct responses, and on à. 
transformation of the mean RTs. 
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. 2. Mean RT as a function of pronounce- 
y for “same” and for “different” responses in 
Exp. I and Exp. III. 


values reported are from the latter analysis 
although the results were the same for all 
three. The T group responded more 
quickly than the N group by about 80 
msec., F (1, 18) = 8.33, p < .01. This 
was the only significant main effect. 
Figure 2 shows mean RT as a function of 
pronounceability for the two response 
categories (S-D), F (1, 18) = 19.40, p < 
.01. The UP-D condition was faster than 
all of the others and significantly different 
from the P-D and the UP-S conditions 
(Newman-Keuls test). Figure 3 shows 
mean RT asa function of number of letters 
in the array for the two response categories, 
F (2, 36) = 23.31, p < .01. For S arrays, 
RT was faster the shorter the array; for D 
arravs, RT was faster the longer the array. 
RT to six-letter-D arrays was as fast as to 
four-letter-S arrays; RT to four-letter-D 
arrays was almost as slow as to six-letter-S 
arrays (Newman-Keuls test). In general, 
the number of errors made per condition 
followed the mean RTs for those inter- 
s—the greater the mean latency, the 


action 
r the number of errors. 


greate 
EXPERIMENT lll 
Since the matching task did not yield an 


interaction between pronounceability and 
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Fic, 3. Mean RT as a function of the number of 
letters in the array for "same" and for "different" 
responses in Exp. I and Exp. III. 


training, another experiment was performed 
to replicate that finding. In order to 
increase the number of responses per cell 
without simultaneously increasing the 
Naive group's exposure to the stimuli, the 
population of stimuli was enlarged from 
56 to 180 arrays. 


Method 


Stimuli.—The population of stimuli was enlarged 
to 180 four, five-, and six-letter arrays by con- 
structing new arrays according to the procedure 
outlined by Gibson et al. (1962). The stimulus 
duration was 100 msec. 

Subjects—The Ss were eight undergraduate 
students at Brandeis University. They were 
divided into two groups: a Trained (T) group and a 
Naive (N) group. Trained Ss had memorized the 
arrays and were tested as in the previous experi- 
ments. As an additional check, the arrays were 
exposed for a very short duration in the tachisto- 
scope, and .$ had to recall all of the letters in the 
array after each exposure to a criterion of over 90°; 
correct, 


Procedure—The instructions and general pro- 
cedures were the same as in Exp. 11. The stimuli 


were divided into two lists of 90 stimulus pairs 


MAURICE HERSHE? 


SON 


each with an equal number of S and D pairs in 
random sequence. No array appeared twice on a 
list (except in a single S condition). The two lists 
were presented in an order counterbalanced over 
Ss. Extra stimulus pairs were available at the end 
of each list so that errors could be replaced with 
additional trials to provide an equal number of 
responses per cell. Half of the Ss in each group 
used their preferred hand for the 5 response and 
half used their preferred hand for the D response. 


Results and Discussion 


Preliminary analyses showed no dilfer- 
ences attributable to preferred hand use 
and no interactions; therefore, the data 
were collapsed over this variable. Anal- 
yses of variance were computed on mean 
and median RT per S per cell for correct 
responses, and on a reciprocal transforma- 
tion of the mean RTs. The F values to 
be reported are from the latter analysis. 

The T group responded more quickly 
than the N group by about 100 msec., 
F (1, 6) = 20.94, p < .01. Response type 
(S vs. D) interacted with pronouncea- 
bility, F (1, 6) = 9.21, p < .05, and with 
number of letters in the array, F (2, 12) 
= 8.97, p < .01. The P-UP x S-D inter- 
action is shown in Fig. 2. Correct RTs 
to S stimuli were faster for P arrays than 
for UP arrays; the other points did not 
differ (Newman-Keuls test). Figure 3 
shows mean RT as a function of the number 
of letters in the array for the two response 
types. The latency of a correct response 
to stimuli which were the same increased as 
the number of letters in the array increased 
while the latency for a correct response to 
stimuli which were different decreased as 
the number of letters in the array increased. 
Four-etter-S pairs yielded shorter re- 
sponse latencies than any of the others 
(Newman-Keuls test). The number O 
errors, although quite small, followed the 
pattern of the two significant interactions 

The data from the matching experiment? 
are difficult to interpret with respect t° 
the unit of analysis. If P arrays Were 
processed using a larger unit of analysis 
(e.g., spelling patterns) than that for 


arrays, the latency of response to P array? 
should have been shorter io D 


than t 
arrays, whether S or D, ne 


This was 
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the case. RT to P arrays was shorter than 
to UP arrays when the stimuli were the 
same but not when they were different— 
RT to P-D did not differ from RT to 
UP-S or UP-D. Clearly any statement 
about units of analyses based on P-UP 
differences could not be supported by these 


findings. 
A similar paradox exists in the interac- 
tion of response type with array size. 


Note that this variable is zot “number of 
letters in the array which are different” 
but “total number of letters in the array.” 
The increase in RT to S stimuli as the 
number of letters in the array increased 
Suggests that Ss were processing letter 
by letter, [lowever, it is not clear why 
the opposite should be true for D stimuli. 
As a consequence of the procedures used 
to construct the arrays, it is likely that 
all of the letters in any given pair were 
different and, moreover, that the first 
letters were different. Thus the likelihood 
of hitting a different. element should be 
independent of array size, and there 
should have been no differences in response 
latency for D stimuli as à function of 
i Moreover, even if different 
or the differences in 
be needed 


array siz 
units were the basis f 
the functions, a process would r 
to determine which unit to use, prior to 
determining whether the arrays were the 
same or different. 


zRAL DISCUSSION 


Gl 
Taken together, the three experiments sug> 
Sest (a) that some process was present in the 
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visual recognition-verbal report task that was 
not present in the RTT task, and (5) that this 
process was eliminated from the sequence in 
the verbal report task by the training pro- 
cedure. "Encoding," "storage," and ‘‘decod- 
ing" are three processes which may play 
such a role—their function could depend upon 
the relative degree of pronounceability of the 
stimuli, and they may play a minimal role 
in the matching task. If this was the case, 
then we may conclude that pronounceability 
plays a role in the retention and report of 
stimulus information rather than in its first 
representation. 

There were two important variables in the 
RT experiments which did not yield significant 
effects: Exposure duration yielded no main 
effect or interaction (E II) and, while 
training improved the overall performance in 
both experiments, there were no interactions. 
Thus, Ss were able to perform the matching 
task equally as well whether the stimuli were 
novel or familiar, and whether they had a 
long or a short look at them. 
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IMMEDIATE, GENERALIZED, AND ENDURING EFFECTIVENESS 
OF PUNISHMENT AND RESPONSE PREV ENTION 
OF HUMAN AVOIDANCE RESPONDING! 


RAYMOND W. DRAKE, Jra? asp PHILIP A. MEYER 


University of South Dakota 


Several aspects of effectiveness were examined for 


punished extinction and 


: A ive uc er and 
response prevention of avoidance responses (ARs) relative to cat h oth 


normal extinction. 
ments was also examined. 


employed to investigate the s 
X Cuing combination. Res 


The influence of associating a 
"Thus six groups (n = k 

trained to avoid a noxious air blast by pulling a lever during a 3-sec. warning 
I interval signaled by one of two lights. 
al aspects of effectiven 
ults indicated that punishing the AR led to 


sual cue with these treat- 
12) of undergradu: 


es were 


Thre s of extinction were 


for each Treatment 


ph 


greater immediate suppression than response prevention which, in turn, was 


more suppressive than normal extinction. 
in generally less immediate resistance to extinction. 
phases indicated that only the uncued punishment procedure yielded any 

ficant generalized and enduring effects. ‘The implications of the present 


sigr 
design and results were discussed. 


The persistent nature of a learned avoid- 
ance response (AR) has been suggested by 
its well-documented high resistance to 
extinction (cf. Beecroft, 1967). This 
aspect of avoidance behavior has led to 
investigations of other procedures with 
which to suppress and eliminate learned 
ARs. The present study is concerned with 
the relative effectiveness of two such pro- 
cedures, punished extinction and response 
prevention. 

In comparing the effectiveness of 
punished extinction and response pre- 
vention, two general design factors should 
be emphasized. First, the notion of effec- 
tiveness implies several aspects of be- 
havioral analysis. While studies of pro- 
cedures designed to facilitate extinction of 
ARs generally include a normal extinction 
condition as a base-line control, little atten- 
tion has been given to effectiveness in terms 
other than immediate suppressive effects. 
The significance of enduring effectiv 


eness 
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author, and 
l of the University 
nent of the require- 


Cuing the treatments resulted 
Subsequent extinction 


has already developed with respect to re- 
sponse prevention (Benline & Simmel, 
1967; Polin, 1959). In addition, a tra- 
ditional issue with punishment has been 
the permanence of its suppressive effects 0n 
an instrumental appetitive response (e-8« 
Boe, 1966; Estes, 1944). Quite another 
characteristic of effectiveness involves gen- 
eralizability, i.c, the extent to which the 
suppressive effects of a procedure influence 
similar performance in stimulus 
environments. 


other 


Most previous. studies on preventinz 
the AR in extinction have, in one way vd 
another, presented S with discriminable 
cues distinguishing between training an 
prevention, thereby signaling the imposer 
bility of performing the AR (eg, placing ? 
barrier between the two compartments 9 
the shuttle box). Studies of punishe: 
extinction, on the other hand, have tyP! 
cally used an uncued procedure; i64 i 
stimuli have been uniquely paired wit 
punished extinction, Thus, the presen! 
investigation also examined the extent b 
Which cuing or not cuing these procedure? 
influenced their effectiveness. " 
. The present study, then, evaluated ihe 
immediate, generalized, and enduring efle 
tiveness of the two suppressive procedure? 


of punished extinction. and response 


pre- 
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vention relative to each other and to normal 
extinction. Furthermore, these compari- 
sons were achieved under either cued or 
uncued conditions for each treatment. 
These conditions constituted a six-group 
study forming a 3 X 2 factorial design to 
include treatments and cuing major 
variables between Ss. 


n 


METHOD 


) 


Subjects. The Ss were a total of male and 
female undergraduates at the University of South 
Dakota. Each S received $2.00 or extra credit in 
Introductory Psychology for participating. 

Apparatu apparatus consisted of four 
major units: (@) a dental chair in which S was 
seated; (b) a pressurized air delivery mechanism for 
presenting the noxious stimulus; (c) switching and 
timing circuitry which controlled stimuli presenta- 
tion, interstimulus and intertrial intervals (ISI and 
ITI), and latency recording; (d) the lever-pull 
manipulandum and respon revention device- 
Excepting the last unit, the apparatus has been 
described previously (Meyer, 1970). The manipu- 
landum was housed in a 91.37 X 60.01 X 91.37 em. 
gray frame presenting S with a slanted table top. 
Atop the frame was mounted a black box containing 
four different colored, 73-w. signal lights, and 45.69 
cm. from S's upper torso a lever which could tra- 
verse an excursion of 5.08 cm. On prevention trials, 
the lever could move only 3.17 mm. (an attempted 
response) due to a solenoid operation that was not 
visible to .5 and produced auditory cues similar 
enough to those of a dummy lenoid, which operated 
on all other trials, to further hinder detection. 

Procedure —After being seated in the chair and 
positioned in front of the frame, S was handed 
instructions which indicated that an annoying pull 
of pressurized air would occasionally be directed 
behind the right ear and that during this first brief 
Part of the study physiological recordings would be 
Made from S's forearms strapped atop the frame. 
Also, S was directed to use an earplug. After ad- 
justing the chair and securing S's head to the head- 
rest with an Ace bandage, & positioned the air nozzle 
at a 45° angle pointed at the right car. 1 hs pir 
arm straps served to retain S's forearms 1m a Te 
Position, but along with dummy wiring also ur- 
thered the illusion of physiological recording which 
in fact did not occur. Three signaled 4-sec. air 
blasts were then presented to S associated with 
cach of two signals (white and blue lights). White 
hoise was employed throughout. The ISI and ITI 
Were 3 and 4 sec., respectively: " 
Following these six adaptation tri E released 
O'S right forearm and presented additional written 
instructions, which indicated that S could prevent 
the air blast. Each trial during tr ining included a 
"sec. white or blue warning signal light (alternated 
every $ trials) followed by a 40-psi 4-sec. air blasi 
"nless s pulled the lever during the ISI. The LH 


was 9 sec. and 40 trials were administered. For 
the first 10 training trials, a response during the air 
blast terminated it. If S made not more than one 
AR by Trial 10, E said: "Try pulling it sooner, 
(S's name).” After Trial 10, no escape contingency 
was programmed. Any S not making four ARs 
by Trial 30 was dropped from the study; nine 
additional Ss were so dropped and are not included 
in the design nor in any of the results. 

' A total of 72 Ss did successfully complete train- 
ing and were randomly assigned to one of six groups 
with the restriction of counterbalancing sex. The 
groups were differentiated in terms of extinction 
procedure (normal, punished, or response preven- 
tion) and whether an additional cue was present. 
For normal extinction trials, the air blast was never 
presented following the signal. For punished 
extinction, the air blast followed the signal only if 
an AR occurred during the signal. For response 
ntion, the air blast was never presented and the 
immobile as described earlier. Thus six 
groups were constituted for the three phases of 
extinction: (a) cued normal (CN), (b) uncued 
normal (UN), (c) cued punished (CP), (d) uncued 
punished (UP), (e) cued response prevention 
(CRP), and (f) uncued response prevention (URP). 
Extinction was carried out in three phases lasting 
20, 20, and 15 trials, respectively, or until S did not 
respond on 5 consecutive trials. Phases 2 and 3 
followed directly after the final trial of the previous 
phase. Response prevention and punishment occur- 
red in Phase 1 only; otherwise normal extinction 
was administered. The warning signal used in 
Phase 1 was the training light not presented on 
Trials 36-40. In the cuing conditions, a green 
light was presented along with the warning signal 
during Phase 1 only. In Phase 2, the signal was as 
on Trials 36-40 to test for generalization of sup- 
pression in Phase 1. The Phase 1 signal was again 
presented in Phase 3 to test for recovery of 


preve 
lever was 


suppression. 
RESULTS 


During training, all Ss reached the 
criterion of. four consecutive ARs within 
the first 24 trials of the 40-trial training 
period. An analysis of the mean number 
of ARs on the last 15 trials (i.e., after all 
Ss had reached criterion) indicated no 
significant differences between cuing con- 
ditions ur «€ 1), suppression treatments, 
F (2, 66) = 1.80, p > .25, or the inter- 
action (F € 1). 


Group mean 
criterion of five € 


number of trials to reach 
onsecutive nonresponses 
(TC; in each extinction phase are pre- 
sented graphically in Fig. Las a function 
of treatments with cuing conditions plot- 
ted separately. The labeling of the 
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abscissa does not represent any continuity 
between treatments. 

An analysis performed on the TC; 
scores represented in the Phase 1 portion 
of Fig. 1 revealed significant effects of 
cuing, F (1, 66) = 8.98, p < .005, and 
treatment, F (2, 66) = 34.62, b < .0005, 
without a significant interaction, F (2, 66) 
= 1.39, p > .25. Subsequent comparisons 
of treatment conditions using the Tukey A 
procedure indicated significantly (p < .01) 
faster extinction for punishment than re- 
sponse prevention which, in turn, extin- 
guished significantly sooner than normal 
extinction. 

Analysis of the Phase 2 data revealed a 
significant Cuing X Treatment interac- 
tion, F (2, 66) — 7.79, p < .001, and treat- 
ment effect, F (2, 66) — 5.65, p< Oi 


The cuing effect approached significance, 
F (1, 66) 


= 3.80, .05 < p < 10. 
A comparisons indicated significan 
< .01) faster extinction of the UP 
relative to any of the other groups, 
were not significantly differ 
another. 

Although the CP and UP groups both 
extinguished quickly in Phase 1, the CP 
group took longer to reach criterion in 
Phase 2 than the UP group. A two-factor 
analysis including these tw 


© groups over 
Phases 1 and 2 yielded a significant Group 


Tukey 
tly (p 
group 
which 
ent from one 


Group mean trials to criterion scores in the three 
for punishment (P), response prevention (RP 
conditions. (The cued and uncued groups are shi 


extinction phases 
), and normal (N) treatment 
own separately.) 


X Phase interaction, / (1, 22) = 26.16, 
b < .0005, as well as significant main 
effects for group and phase, Fs (1, 22) — 
27.74 and 19.38, respectively, ps < .000». 
Tukey A comparisons supported the signifi- 
cant (p < .01) increase in TC; scores from 
Phase 1 to 2 for the CP group and, im 
Phase 2, the slower extinction of the C! 
group than the UP group. Similar analyses 
of the response prevention and normal eX” 
tinction groups failed to yield statistically 
significant support for any phase effect 9! 
Group X Phase interactions. 

Analysis of the Phase 3 data yielded 
significant Cuing X Treatment interac? 
tion, F (2, 66) = 4.34, cuing, F (1, 66 
= 4.79, both ps <.05, and treatment 
F (2, 66) = 4.80, p < .025, effects. ^ ‘ 
with Phase 2, Tukey A comparisons oot 
roborated the significantly (p < .01) low - 
TCs scores for the UP group below ae 
of the other groups, which did not differ 
significantly from one another. The ap 
parent depression of TC M 
Phase 3 is simply 
fewer trials used in 
Score. 


5 Scores —— 
attributable to the vai 
this phase as a maxim 


Discussion 

The present st 
with the rel 
for elimina 
only 


udy was primarily concerned 
ative effectiveness of three methot $ 
ting a learned AR. Considering 
the immediate effectiveness of the SUP 
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pression treatments (Phase 1), punishing the 
Solin aai Ted to greater suppression 
Puasa response prevention or normal ex- 
tinction, Preventing the AR was, however, 
more effective than the normal extinction pro- 
cedure. Moreover, associating a visual cue 
with the treatments resulted in generally less 
resistance to extinction than when these 
treatments were administered without a cue. 

Based on these findings, the expected con- 
clusion may be reached that both punished 
extinction and response prevention are more 
suppressive than normal extinction of an AR. 
In addition, this investigation demonstrated, 
for the first time experimentally, differential 
effectiveness between punishment and pre- 
vention. While punishment resulted in rapid 
response suppression for all of the 5s, response 
prevention produced a somewhat more vari- 
Response preven- 
on of 


able performance pattern. 
tion led to abrupt and early ces ati 
responding in the majority of Ss, somewhat 
“hesitant” c in others, and in still 
others, no cessation at all. A total of five Ss 
in Groups CRP and URP attempted to respond 
on every trial while response prevention was in 
effect. This variable performance pattern 
Was measured in terms of attempted responses 
and seems consistent with anecdotal evidence 
Suggesting that Ss do attempt to perform the 
prevented AR (e.g., Polin, 1959). 

As a possible interpretation of the enhanced 
suppressiveness of treatments by cuing, the 
notion of generalization decrement may be 
utilized. This concept has been considered in 
general analyses of extinction performance 
(e.g., Capaldi, 1967). Moreover, à previous 
Study of cued vs. uncued punishment (Moyer, 
1955) has obtained similar findings. 

Resistance to extinction in Phases 2 and 3 
demonstrated the superior generalized and 
enduring effectiveness of uncued punishment 
relative to the other conditions. While cuing 
Punishment led to greater immediate suppres- 
Siveness, as compared to prevention and normal 
extinction, this superiority was absent during 
both the generalizability and durability phases. 
With regard to response prevention, no strong 
evidence was obtained for any more generalized 
or enduring effectiven than normal extinc- 
tion. This aspect of the current results is con- 
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sistent with the findings of other response 
prevention studies which have questioned the 
durability of the prevention procedure. Un- 
like the case with punished extinction, there 
was no reliable effect of cuing on the sub- 
sequent effectiveness of prevention during 
Phases 2 and 3. This pattern of results with 
response prevention highlights the reservations 
which have been expressed regarding its poten- 
tial as an AR-eliminating procedure (Coulter, 
Riccio, & Page, 1969; Page, 1955). 
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INTERACTION OF VISION AND TOUCH IN CONFLICT AND 


NONCONFLICT FORM PERCEPTION TASKS! 


EPP A. MILLER? 


George Washington University 


Three studies explored the importance of the amount of tactual sat ig i 
in visual-tactual interaction, Experiment | used a form conflict tas ; he 
Ss felt an object while viewing its distorted shape. Despite the pie a 
of tactual information by (a) active touch and (5) several trials, vision c omis 
nated touch as in previous studies. In Exp. Il, two different objects wert 
simultaneously presented, one to vision and one to touch, but without conflict. 
Here, touch was independent of vision. The striking contrast in the results 
of these two very similar tasks pointed to the importance of conflict itself. 
Accordingly, Exp. III analyzed a form conflict. The finding that only the 
expectation of dealing with a single object induced visual dominance emphasizes 


a cognitive component in visual-tactual form perception. 


Studies of sensory conflict provide an ap- 
proach to the problem of how the informa- 
tion from our diverse perceptual modalities 
is integrated into a unitary perception of 
the world. For example, when Ss wearing 
distorting prisms that displace the visual 
image of a target are asked to point to the 
target in space, they point to the visual 
image, i.e., to a different location than where 
their proprioceptive and kinesthetic sensa- 
tions would indicate. In such a conflict be- 
tween vision and touch, vision initially 
dominates touch, as if vision were used to 
the exclusion of touch (Hay, Pick, & Ikeda, 
1965; Over, 1966). As exposures to the 
distortion are repeated, Ss’ responses be- 
come more veridical, suggesting that the 
tactual information can nevertheless be 
taken into account (Held, 1965; Rock & 
Harris, 1967). One explanation of such 
adaptation to Sensory rearrangement is 
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that the amount of information processed 
by each modality determines how the dis- 
crepancy will be resolved (Freedman, 1968; 
Howard, Craske, & Templeton, 1965; 
Moulden, 1971; Wallach & Karsh, 1963). 
For example, when Ss wearing prisms are 
permitted to move their arms actively in 
the intertrial period, they adapt to the dis- 
tortion far more rapidly and completely 
than Ss who remain passive during this 
period (Singer & Day, 1966). An active a 
presumably obtains more proprioceptive, 
kinesthetic, and tactual information than 
a passive subject (Gibson, 1962). Until 
now, most investigations have involved the 
effects of sensory conflict on the ability t° 
localize objects in space. The present ex 
periments deal with form perception and 
examine whether the amount of informa- 
tion conveyed by each modality is also a 
important factor in this realm. 


T] 


Rock and Victor (1964), in an expert 
ment on form conflict, asked Ss to hold ed 
object through cloth while simultaneously 
viewing the object through a distortin® 
element that changed its visual shap®: 
When Ss were asked to choose a match tor 
the object from among other objects, the? 
selected an object m 
visual image. 
whether 


EXPERIME 


almost identical to i 
The question arises as 
the visual dominance observe 
With a conflict task reflects a general rela 
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Uonship between vision and touch or 
whether a situation without conflict might 
not allow tactual information to make a 
greater contribution. In fact, using a task 
similar to that of Rock and Victor, but not 
involving conflict, Miller (1968) found that 
Ss could match a tactual object without 
interference from the visual object, In this 
nonconflict task, Ss viewed one object while 
at the same time feeling a different one. 
Thus, different visual and tactual stimula- 
tion was simultaneously available, but the 
information was not conflicting. 

Three differences between the two tasks 
could account for the difference in the re- 
sults. First, the presence or absence of 
conflict itself may be the critical factor. 
Second, Ss in the conflict task were re- 
stricted to grasping the object passively, 
While in the noncontlict task Ss were en- 
couraged to feel the object actively. Third, 
in the conflict task Ss were experimentally 
naive, but in the nonconflict task the pro- 
cedures were explained beforehand and Ss 
Were presented with several pairs of objects." 
As S's knowledge about the task increases, 
through instructions and over trials, the 
likelihood may increase that he will change 
his approach. to the task. Both haptic 
activity and cognitive changes may affect 
his attention and use of the available in- 
formation (Canon, 1971). The results ob- 
tained with a conflict task and a noncon- 
flict task may be more similar when haptic 
activity and task experience are equated 
With the two tasks. Experiment I, there- 
fore, examined the effects of these two fac- 
lors on matching performance using à form 
Conflict task. Both active touch and the 
loss of procedural naiveté were expected to 
enhance the use of the tactual information 
and hence to produce matching closer to 
the true, tactual object. 


Method 


Subjects. The Ss were 64 college students, dis- 
tributed equally among four groups. 

* Rock and Victor's (1964) Ss who suspected E 
“eption or who used active touch responded dit er- 
“tly than naive Ss and passive Ss and were elimin- 
Med from the sample. By contrast, the aim here 
Was 

55100 study these factors. 


"Apparatus. —The stimulus objects were presented 
to § through the back of a box S held on his lap. 
(See Fig. 1.) The S looked into an open-ended cyl- 
inder suspended from the top of the box and that 
housed the distorting element. The S could thus 
view the stimulus object presented on a rod and pede- 
stal directly under the end of the cylinder. The dis- 
torting element was a transparent Plexiglas rec- 
tangle (6.35 mm. thick) that had been bent to a 
curvature of about one-half a cylinder (Rock & 
Victor, 1964). The element compressed the image 
of the object in one dimension so that the shape of 
the viewed object was distorted. A tensor lamp 
inside the box eliminated the glare from the Plexi- 
glas. 

While S viewed the object, he could grasp or feel 
the stimulus object through side holes. A cotton 
cloth was placed over his hand so he could not see 
his fingers. 

Stimulus objects.—Three aluminum objects were 
the stimuli: a rectangle, an oval, and a triangle. 
Each object's top surface defined its shape, and each 
stimulus object was 12.70 mm. thic 
and the oval were each 25.40 mm. high and 29.46 
mm. wide. The triangle w 37.08 mm. high and 
had a base of 38.10 mm. The objects as seen 
through the distorting element were reduced by a 
little than one-half in one dimension. The rec- 
tangular and the oval objects were reduced in width 
to 19.05 mm. The triangular object reduced in 
height to 21.34 mm. 

Response arrays and scoring.—Each stimulus ob- 
ject was one of a graduated series of 13 objects used 
as the response array. (See Fig. 2.) The oval and 
rectangular series were graduated in the width di- 
o» only and in steps of 2.11 mm. The tri- 
angular series was graduated in the height dimen- 
sion only and in steps of 2.54 mm. The objects were 
thus graduated in shape and were numbered from 3 
to 17 to correspond with the number of steps present 
in the changing dimension. The number of the ob- 
the score given for that match. 


ject chosen by S wa f 1 
The actual objects used as the stimulus objects 
matched Object 14 on the array, and the visual ap- 
e as distorted had a match of 9.1, as judged 
by an independent group of 16 5s. When matching 
the object, S could choose an object that would be 
the correct visual match, 9, the correct tactual 
match, 14, or any of the other objects. The objects 
were presented in random order for matching. 

Design and procedure: ach trial cons sted of a 
presentation phase, when the object was presented 
for viewing and fecling, and a matching phase, when 
SN was to pick out the object just presented. Match- 
lone by touch.* Although the primary inter- 
"E in the effects of active touch as opposed to 
e handling of an object in the presentation 
ood aane of matching themselves could 
A cts of stimulus presentation, To 


pearanc 


ing w 


phase, the li 
influence the elie 


a Typically with these procedures, similar results 
are seated whether matching is done by vision or 
"^ A ich (Miller, 1968, 1971; Rock, 1966; Rock & 
yy touc I n 
Victor, 1964). 


The rectangle — 
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EXPERIMENTAL 


CONTROL 
Fic. 1, 


check on this possibility, some Ss were instructed to 
use active touch, and some, passive touch, in each 
phase. Four combinations of active and passive 
touch in presentation and matching were possible, 
but the following three were compared: (a) Group 
1, passive presentation followed by active matching 
(after Rock & Victor, 1964); (b) Group 2, active 
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WIDTH 
AS 
SEEN 


REDUCING 
ELEMENT 


ACTUAL 
WIDTH 


Object presentation in the conflict task, 


3 
presentation, active matching; and (c) Group `! 
passive presentation, passive matching. ta^ 

When passive touch was used during the prest he 
tion phase, Ss were limited to a single grasp of t 


: T. : ; passive 

object. In addition, when matching by pas ta 
3 i : ject at‘ 

touch, Ss were presented with one choice object 


2 nac 
: ac 
time and were limited to a single grasp of 0? 
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VISUAL APPEARANCE 
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THEORETICAL RESPONSE ARRAYS 


ACTUA 


Fic. 2. 


d in the presentation 
p each object many 
When matching by 
xploration 


When active touch was usc 
Phase, Ss were instructed to gras 
times from different directions. É 
active touch, Ss were allowed free haptic 


of the whole row of multiple-choice items. . 
iven varied 


In. addition to these three groups & EE 
antic activity in presentation and matching, 
3roup 4, a control group, only felt the object during 


Presentation and did not sec the object at all. Group 

used active touch both in presentation and in 
Matching. Comparisons of Groups 1, 2, and 3 with 
3roup 4 could be expected to show the influence of 
Vision over touch. Comparisons among Groups i 


^, and 3 should show the elect of haptic activity 


On visual dominance. 

. The effect of. experience ES 

feats by studying each Ss performance over the 
St three trials. When the first object was pre- 

e procedure step by 

anation of the task 

jk at an object 


with the task w 


finished. 
p or feel it for 5 sec. 
id did not see, the objec 
find the object while uncove ng the top 


H ms viewing cylinder. The E observed whether 

tana Wed instructions to look and to feel simul- 

N O9usly and to be appropriately active or passive 

andling the object. (Two Ss were rejected for 

Strict the object actively. when they had been in- 
Sted to he passive.) 


ee] 


L RESPONSE ARRAY,OBJECTS IN RANDOM ORDER 


Response arrays. 


S was asked to tie on a blindfold and 
then to choose the object from among “some very 
similar obje placed on top of the box. For Ss 
who matched using active touch, the 15 multiple- 
s arranged in random order, as illus- 
2, were placed on top of the box. The 
placed on either the left or right end, 
o explore the objects and to choose 
The Ss who used passive touch 
for matching (Group 3) were presented with the 
same 15 choice items, lata time, and after a passive 
esponded in turn as to whether or 
not the item was the object in the box. After the 
first match was completed, the second object was pre- 
and matched, followed by the third object. 
f presenting the stimuli were bal- 
anced acros: After the first trial, Ss knew the 
task demands, and this loss of procedural naiveté 
was expected to lead to more veridical matches on 
the second and third trials. . 

A fourth trial was analyzed separately. The rec- 
tangular object was. repeated, but it was presented 
for 30 instead of 5 sec. Extending the exposure 
time was another attempt to decrease experimental 
naiveté by giving S more time to detect : üiscrep- 
ancy between vision and touch, and thereby to use 
the available tactual information to compensate for 
the distortion. The group that used active touch 
when the object was presented was expected to show 
the most compensation for the distortion, 


After 5 se 


choice obj 
ed in I 
S's hand v 
and he was asked t 
the one in the box. 


grasp of each, r 


sented 
Four orders 
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(4) (3) (1)(2) 


[UM 


14 13 12 |"! 10 9 
AN 
OO F 
OBJECT SQUARE MIDDLE VISUAL 
APPEARANCE 
AVERAGE 
GROUP MATCHES 
o) 10.1 
(2) 9.8 
(3) 10.5 
(4) 11.8 


Fic, 3. Average matches of the conflict 


task treatment groups. 


Last, a verbal questionnaire was administered to 
determine what each S expected and what he was 
aware of. The following questions were asked: 

[First] Did you think what you were secing was 
not exactly as it felt in shape or size? Did you 
suspect any visual distortions? [Second] What 

did you experience? Look through the tube now 

and grasp the object without the cloth. Remem- 

ber where your fingers were on the object. Take 
the object out of the box. 


Is that what you 
thought the object was like? 


Resulls and Discussion 


The purpose of this experiment was to 
reduce the exclusive reliance on vision in a 
situation like that of Rock and Victor 
(1964), in which the shape information 
available to vision and to touch was con- 
flicting. Both haptic activity and the loss 
of procedural naiveté were expected to 
yield more veridical matching. 

, When vision and touch were in conflict, 
vision dominated touch, confirming the 
ofthe three confie eder. The Matches 

f A Pps were close to the 
visual appearance of the object. (See Fig. 
3.) A4xX3 repeated-measures analysis of 
variance of the first three trials revealed 
significant differences among the four 
groups, F (3, 60) — 6.03, p < .01. Each 
of the conflict conditions, Group 1, 2, and 
3, was significantly different from the Touch 
Control group, Group 4 (Newman-Keuls 
lest, p< .01), even though Group 4's 
ie, ter, Hos completely accurate, 

e no significant differences 
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among the three conflict groups that had 
used different combinations of active and 
passive touch. Thus, visual dominance 
was not diminished by haptic activity as 
predicted. E 

The loss of procedural naiveté also did 
not produce matches closer to the tactual 
object, as there were no significant. differ- 
ences among the first three trials, F (2, 120) 
= 5. The opportunity provided by 
Trials 2 and 3 was not sufficient to produce 
the cognitive and attentional changes ex- 
pected to result in greater use of the tactual 
information. Even on Trial 4, when Ss felt 
the object actively for 30 sec., they did not 
notice the discrepancy but continued to 
match the visual appearance of the object. 
After Ss in the conflict groups were ques- 
tioned about what they had experienced 
and what they had expected, they were 
shown the nature of the distortion. All of 
the Ss were surprised, and no one reported 
àn accurate awareness of the nature and 
amount of the distortion. 

Visual dominance in this form conflict 
task was certainly more powerful than ex- 
pected. From experiments on localization 
conflict, activity and task experience could 
reasonably be expected to decrease visual 
dominance to some degree. Since both 
haptic activity and task experience were 
ineffective, one possibility is that the resolu- 
ion of a form discrepancy requires more 
tactual information than the resolution of à 
localization discrepancy. One could ex- 
amine the question by extending the num- 
ber and amount of contlict exposures with 
this task. Such a formulation would sup- 
port the general amount-of-information hy- 
pothesis in sensory interaction but would 
require a different level or amount of in- 
formation for form perception than for 
localization in space as suggested by many 
investigators (Gibson, 1970; Held, 1971; 
Pick & Hay, 1964; Rock, 1966). ] 

While in this conflict task, the amount el 
tactual information appeared ineffective 1” 
changing visual dominance; in a situation 
without conflict, the amount of tactual in- 
ormation may yet be important in how 
Vision and touch interact. 


; Experiment 
examined such a possibility. 


NS 


| 
| 


INTERACTION OF VISION AND TOUCH 
119 


EXPERIMENT II 


Rock ; | 
task led eg veri (1964) form contlict 
and this nindin ^ = Cane ee touch, 
despite the in i» as confirmed by Exp. 1, 
mitted as I in haptic activity per- 
ave yee as the loss of procedural 
afd not tre ; ontxast, on a form task that 
tactual diene, e conflict, Ss matched the 
Sri sh i wr M of the visual 
flos ssepius L. Hiller, 1968, 1971). Since 
ployed PE in the nonconflict task em- 
these me dao and fully instructed Ss, 
influence of im may have eliminated the 
tlie taetual i ee by increasing the use of 
Relist pe mation. Perhaps if haptic 
dare erare knowledge. about task proce- 
fuch: even estr icted, vision might influence 
Scip pads this nonconflict situation. 
reliance on hs ould be evidence that the 
amount of i LÍ or touch depends on the 
l'he bes nd obtained by each. 
explore den i p. II was, therefore, to 
Tee oF Ae d. and passive touch and the 
that doss e ural naiveté using a form task 

s not involve conflict. 


Method 


a Subjec 
students. 


d 40 


Ss were 60 college 
ned to control conditions an 


servi a 

Pr Sos «peri mental Ss. 
in the follow he box used in Exp. | we 
0X was sed d way. A shelf in the middle ol 
Viewed bo for presentation of the visual stimuli 
lactual sti the Ss through a hole in the top. The 
0x, stimuli were presented on the bottom of the 


is modified 
le of the 


coring.— | he ma- 
lc were used in 
ference was that 
14 and the tactual 
of these objects 


Sti m 
teria e response arrays, and 5 
this no, i ribed for the conflict 
the ee task. The only d 
ne bject "€ object in this task was 
Ws fetis The : bitrary choice 
sip "Helore Exp. I was conducted. . 
Kated the nd procedure: This experiment v 
the loss effects of ac ive touch and of 
experimen procedural naiveté as . I did, but the 
Actors ese design was somew at different. Four 
Hons of ane studied. st, there were two condi- 
“ondition imulus presentation. In the Experimental 
‘ame tim, one object was visually presented at the 
‘actually e that a second and different object was 
Y presented. In the Control condition, both 


obje 

Ants w 

All were presented tactually, one to each hand. 
atch only the tactual 


lof the S, 
obice. he Ss were asked to m 
hand), per- 


SSGE if 

n 5 thi : 

op tting s object felt by S’s preferred 

ects ee of the degree to which one of the 
could influence information from the other 


esti- 


EXPERIMENTAL 


CONTROL 


ntation in the 


Vic, 4 Object prese 
nonconflict task. 


erimental condition) 


vision (the Expe 
nodality (the Control condi- 


object through 
half of the Ss were in- 


or through the same n" 
tion). For each condition, 
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TACTUAL MIDDLE SQUARE 
OBJECT 


VISUAL 
OBJECT 


PRESENTATION CONDITION AVERAGE MATCH 


(1) ACTIVE TOUCH, EXPERIMENTAL 9.6 
(2) PASSIVE TOUCH, EXPERIMENTAL 10.9 
(3) ACTIVE TOUCH, CONTROL 95 


(4) PASSIVE TOUCH, CONTROL 10.4 


Nonconflict task results: 
Average matches. 


Fie. 5. 


structed to use active touch and half, passive touch. 
(Six Ss were rejected for not following passive touch 
instructions.) During matching, all of the Ss were 
encouraged to be active, unlike Exp. I, and a third 
factor, matching modality, was investigated instead. 
Half of the Ss in each subgroup matched the tactual 
object by vision and half by touch. This factor was 
included in order to verify the results of previous 
work with this task. The fourth factor was the re- 
peated-trials factor. Each S had three trials, one 
with the rectangular objects, one with the 
jects, and one with the triangular objects. 
jects were presented in the constant order 
As in Exp. I, Ss were naive during 


oval ob- 
The ob- 
named. 
the first presenta- 
tion (they were led through the procedure step by 
step) and were most likely to be influenced by vision 
on this trial. After the first trial, Ss knew the pro- 
cedure and their performance was expected to im- 
prove, 


Results and Discussion 


Despite the simultaneity of the diffe 
visual and tactual stimulation in the 
mental situation, vision did not domi 
influence touch. A 2 X2X2X3 re. 
peated-measures analysis of variance re- 
vealed no difference between the I 
mental group (one object to vi 
other to touch) and the 
objects to touch), F (1, 32) = 49, The 
similarity of the tactual object matches in 
the Experimental and the Control groups is 
malu. e o Ae 


rent 
experi- 
nate or 


?xperi- 
sion and an- 
Control group (two 


* Additional research (Miller, 
three orders of presentin 
significant difference: 
Constant order of pr 
convenience, 


1971) compared 
g stimuli and indicated no 
s among them. 


Hence, the 
esenting stimuli w; 


as used for 
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in striking contrast to the results of Exp. I 
in which the Experimental and Control 
groups were significantly different. When 
visual and tactual information not 
only simultaneous but also conflicting as in 
Exp. I, vision completely dominated touch. 
When visual and tactual information was 
simultaneous but not conflicting as in the 
present experiment, touch was not in- 
fluenced by vision. (See Fig. 5.) 

Exploring the object actively produced 
more veridical matches than when passive 
touch was employed, but this variable was 
equally potent for the Experimental and 
the Control groups, F (1, 52) = 6.93, p 
X .05. Again, this result differs from that 
of Exp. I, in which no differential effects 
were observed with diflerent amounts ol 
haptic activity. Matching by vision was 
not significantly different from matching by 
touch, F (1, 52) = 2.16. 

The loss of procedural naiveté did not 
produce the expected results. For the 
first trial, vision was expected to influence 
touch somewhat and this influence of vision 
was expected to decrease with subsequent 
trials. These results were not obtained. 
The tactual object was matched as ac- 
curately after the first presentation as after 
the second and the third, F (2, 104) 
= 3.03. While the first, second, and third 
matches were not significantly different 
from each other, two interactions with this 
factor were significant. 
action between trials 


was 


One was an inter- 
and stimulus presenta- 
tion conditions, F (2, 104) = 6.38, p < OL 
The Experimental Ss matched just as ac- 
curately after the first presentation as they 
did after the second and third, but the 
Control Ss matched more accurately after 
the first presentation than subsequently: 
This change over trials was unexpected 
both in its direction and by the groups that 
Manifested it. The second interaction: 
F (2, 104) = 5.60, p < 01, was between 
trials and matching modality, Matching 
by vision or by touch gave similar results 
for the first two objects. For the third ob 
Ject, these tactual 
more toward the vj 
ing by touch 
object whe 


object matches were 
sual object when match 
and more toward the tactua 


n matching by vision. Expla- 
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nations for bi 1 da ce a es 
not ohn d J ed cano oid 
work with this cie fi 1 $ eet 
nce = 5 iet task similar 
appear, suggesting 
perhaps that they were fortuitous here. i 
P aee results, obtained on a non- 
x `t task, do not parallel those obtained 
vith the conflict task. In the conflict task, 
vision dominated touch, despite haptic 
activity and continued experience with the 
task. dn the nonconflict task, touch was 
essentially independent of vision even when 
the task experience was limited as on Trial 
1, and passive touch was employed. Thus, 
increasing or decreasing the amount of 
tactual information does not seem to be an 
important determiner of how vision and 
touch interact in form perception, The 
contrast between the results obtained with 
these two tasks leads one to focus on still 
other differences between conflict and non- 
conflict situations. A third experiment was 
designed to explore some aspects of con- 
flict itself, 


Experiment HT 


, Ina form conflict situation in which S is 
instructed to view and to feel an object, the 
conflict may occur because S expects this 
Object to look and to feel the same. Fur- 
ther, since the object is localized in the 
Same place both visually and tactually, the 
expectation of dealing with a single object 
May be confirmed. The purpose of the 
present experiment was to examine the 
roles of these two factors—the expectation 
and the localization experience -in induc- 
ing a sensory conflict and the visual domin- 
ance that characterizes it. 


Method 

si Subjects, The Ss were 40 college students, as- 
Sted randomly to one of two groupes M 
_Abparatus—The box used for the nonconflict 

Stra in Exp. TI was used also by Ss who demon- 

ü aed the effect of the expectation of dealing ve 
angle obj iati is box required Dy 

the gle object, A variation of this box req 


"ii s introduced 
lor , ealization Experience group Wee NUS 
tig i procedure, The visual object We 
howe, elf in the box as before. The tactuz í 
Sher, qa} Was presented on the underside © 6) 
- " e Tig 
rectly under the visual object- (See Fig. 9-1 


s pl esented 
al object, 
the 


THE DECEPTIVE-INSTRUCTIONS PROCEDURE 


THE LOCALIZATION-EXPERIENCE PROCEDURE 


Investigating conflict with two nonconflict 
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procedures. 


Stimulus objects, response arrays, and scoring, 
mulus objects were those used in Exp. 
The visual object 14, and the tactual obj 
9. The response arrays and scoring were also like 
those in Exp. ] and II. 

Design and procedures.— Two groups, an Expecta- 
tion group and a Localization Experience group, 
were cach given a different nonconflict. procedure. 
The effect of expecting a single object was investi- 
gated by giving deceptive instructions. The Ss were 
given one object to view and a different object to 
feel, but first they were told falsely they would, be 
seeing and feeling identical halves of the same ob- 
ject. The Ss would see one half on the shelf and 
would feel the other half on the bottom of the box 
without seeing his hand, The Ses cup ehe 
is procedure latet. Then S was to 
If S asked whether the objects 
t during the experiment, Æ re- 


explanation of th 
match the object. 
were the same or no 
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TACTUAL MIDDLE SQUARE VISUAL 
OBJECT OBJECT 
GROUP AVERAGE MATCH 
“ (I) DECEPTIVE INSTRUCTIONS 13.0 

(2) LOCALIZATION EXPERIENCE 9.7 


Fic. 7. Average matches of Exp. III's 
treatment groups. 


plied that they were identical halves of the sume ob- 
ject. Actually, the visual object was 14, very differ- 
ent from the tactual object, 9. 

For the Localization Experience group Æ placed 
two different objects back-to-back inside the box, so 
they had essentially the same spatial location. The 
Ss in this group were to view the visual object on the 
shelf while feeling the tactual object on the under- 
side of the shelf. The actual instructions were am- 
biguous. The Ss were instructed to look at “some- 
thing" and feel "something" and then to match "the 
object." These instructions would be appropriate 
whether Ss experienced the two objects as being the 
same or different. One could determine, then, what 
Ss’ uninstructed localization experience of the ob- 
jects would be and how it would correspond with 
matching performance. If Ss thought the objects 
were different, they would match on the basis of one 
of them, as with the other nonconflict task; but the 
common spatial location of the objects might still 
lead to visual influence over touch. 

For convenience, Ss in both of these groups 
matched the objects by vision. The second factor 
investigated the effects of both haptic activity and 
trials. Each S was given three trials, one each with 
the rectangles, the ovals, and the triangles. On the 
first trial, he was led through the procedure step by 
step. In addition, each S was limited to 
grasp for the first two trials. 
was instructed to feel the ta 


"Thus, the difference betweer 
trials would sug 


a passive 
On the third trial, S 
ctual object actively. 
n the first and second 
gest the effect of the loss of proced- 
ural naiveté, and the difference between the second 
and third trials indicates the effects of passive and 
active touch as well. (Five Ss were rejected be- 
cause they did not follow passive touch instructions.) 

When the presentations had been given, E asked 
all Ss threc questions to determine further how each 
S's expectations may have influenced his matches. 
First, they were asked whether the two objects of 
each pair were always identical to each other. 
Ways differe: 


di nt, or the same for some ol 
and different for others, 


, al- 
l bject pairs 
Second, Ss were asked if 
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jects : the same 
they initially expected the objects to be € à 
different, or were open-minded about what t n ge 
Then they were asked whether ie eec) me m 

isi i Vhen asked pointedly, n 

vision or on touch. V h i d iib. 
replied that they had tried purposely to ignore 
of the objects. 


Results and Discussion 


The Deceptive Instructions group, 2 
who were told that the objects were ide ftir 
cal halves of the same object, had aa bee 
age match of 13.0, close to the ei ` v s 
object match of 14. By contrast, ho 
Localization Experience groups av ed 
match was 9.7, very close to the correct 
tactual object match of 9. A 2X 3 ied 
peated-measures analysis of variance i 
vealed that the Deceptive Instructions 
group had significantly different matches 
from the Localization Experience. group 
F (1, 38) = 36.02, p < .001. (See Fig. 7.) 
The results of the verbal questionnaire 
supported this difference between the 
groups. The Ss in the Deceptive Instruc- 
tions group reported they had been led i: 
expect the two objects of each pair to i 
identical halves of the same object. Most 
of the Ss then perceived the objects as the 
same and matched relying on vision. da 
expectation or assumption that a single o a 
ject was involved led to visual dominant 
similar to that observed in the conflict task 
On the other hand, the Localization Expe! a 
ence Ss reported that they had been Lade 
expect the object of a pair to be rou pa 
or were open-minded. "They perceived s 
objects as different and matched the Uim 
object. The experience of a common ym 
tion for the different visual and tact 
stimuli, an experience that is part e 
form conflict situation, led to no more use a 
vision than the other nonconflict task ha 
The loss of experimental naivele ce 
peared to have no effect, as no differen, 
was obtained between the first trial and : E 
second trial. The differences between Dt 
sive touch and active touch were not ner 
in this experiment. The second trial, pt" 
passive touch, was as accurate as the a 
trial, performed with active touch. br 
fact, there were no significant different y 
among the three trials, F (2, 76) = ! 


bu 
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lhe questionnaire also confirmed that Ss 
did not change their task approach over 
trials. 

„The localization experience procedure 
yielded accurate tactual object matches, in- 
dependent of vision, as had other noncon- 
flict procedures. Merely the same localiza- 
tion of two sources of stimulation by vision 
and by touch does not produce visual 
dominance. This localization experience 
alone, then, seems not to be an important 
aspect of a conflict task. By contrast, the 
deceptive instructions procedure led to 
reliance on vision. When S believed a 
single object was involved, vision appeared 
to be dominant, as in a conflict task. This 
finding emphasizes a more cognitive com- 
ponent involved in how the perceptual 
modalities work together. That is, what 
one expects and what one already knows 
about a situation appear to influence how 
the information available is handled. 
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instructional session and on the del: 


figure, data are presented for performance 
during the instructional session; on the 
right side are results from the delayed 
test. The data from the instructional 
session are presented in four successive 
blocks of 84 trials each; for the RO condi- 
tion this means that on the average each 
item was presented once in each of these 
blocks. Note that performance during the 
instructional session is best for the RO 
condition, next best for the OE condition 
which is slightly better than the SS condi- 
tion, and poorest for the OU condition: 
these differences are highly significant, 
PF O, UO = 213, p < .001. The order 
of the experimental groups on the delayed 
test is completely reversed. OU 
condition is by far best with a correct 
response probability of .79; the SS condi- 
tion is next with .58; the OE condition 
follows closely at .54; and the RO condition 
is poorest at .38, F (3, 116) — 184, p< 
.001. "The observed pattern of results is 
what one would expect. In the SS condi- 
tion, Ss are trying to test themselves on 


The 
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items they do not know ; consequently, dur- 
ing the instructional session, they should 
have a lower proportion of correct responses 
than Ss run on the RO procedure where 
items are tested at random. Similarly, the 
OE and OU conditions involve a procedure 
that attempts to identify and test those 
items that have not yet been mastered 
and also should produce high error rates 
during the instructional session. The order- 
ing of groups on the delayed test is reverse 
since now all words are tested in a non- 
selective fashion; under these condition? 
the proportion of correct responses provides 
a measure of S's mastery of the total set 
of vocabulary items. 

The magnitude of the effects observed m 
the delayed test are large and of practici! 
significance. The SS condition (when conr 
pared to the RO condition) leads t° i 
relative gain of 53%, whereas the OU con 
dition yields a relative gain of 108%: AGE 
is interesting that S can be very effecti? 
in determining an optimal study sequenc? 
but not so effective as the best of the t 
adaptive teaching systems. 


OPTIMIZING LEARNING 


DISCUSSION 


m. point, we turn to an account of the 
1 ry on which the OU and OE schemes are 
ee schemes assume that acquisition 

& second-language vocabulary can be de- 
st ribed by a fairly simple learning model. It 
is postulated that a given item is in one of 
three states (P, T, and U) at any moment in 
time. If the item is in State P, then its 
translation is known and this knowledge is 

relatively" permanent in the sense that the 
learning of other items will not interfere with 
it. If the item is in State T, then it is also 
known but on a “temporary” basis; in State T 
the learning of other items can give rise to 
interference effects that cause the item to be 
forgotten. In State U the item is not known, 
and S is unable to give à translation. Thus 
In States P and T a correct translation is given 
with probability one, whereas in State U the 
probability is zero. 

When Item i is presente 
the following transition matr 
possible change in state from t 
trial to its termination: 


d for test and study 
ix describes the 
he onset of the 


p qp U 

Prt 0 0 

A = T| xi 1—*i 0 
ULy; Ži 01v ti 


nt the state of Item i 


Rows of the matrix represe 
columns the state 


at the start of the trial and 
at the end of the trial. On a trial when some 
Hem other than Item 7 iS presented for test 
and study (whether that item is a member of 
tem i's display list or some other display 
list), transitions in the learning state of Item? 


also may take place. Such transitions Ca 
1 on the trial; 


eceur only if S makes an error | 1 
(that case the transition matrix applied to 
te a 
em Tis as follows: 

po T 1! 

Pri 0 0 

F = io tof fi 

CLO 0 1 
lis g 
; Sically, the idea is that when some other 
rror 


ite $ 1 ; 
G x is presented to which 5 makes an error 
occu an item in State U). then forgetting may 
St for Item j if it is in State 


< ° summarize, when Item iis presented for 


atrix Ai IS applied : 
ted that elicits 
The above 
of 


le 
St; 
wH "aie study transition M 
Bis Some other item is presen 
ror then Matrix F; is applied. 


Ssu e : i 
MPtions provide a complete account 


an 


a 
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do e Forte atte 
ae ed that Item 7 
is either in State P (with probability g;) or in 
State U (with probability 1 — g;) at the start 
of the instructional session; S either knows the 
correct translation without having studied the 
item or does not. The parameter vector 
$i = [xe ye so fi gi] characterizes the learning 
of a given Item i in the vocabulary set. The 
first three parameters govern the acquisition 
process; the next parameter, forgetting; and 
the last, S's knowledge prior to entering the 
experiment. 

For a more detailed account of the model the 
reader is referred to Atkinson and Crothers 
(1964) and Calfee and Atkinson (1965). It 
has been shown in a series of experiments that 
the model provides a fairly good account of 
vocabulary learning and for this reason it was 
selected to develop an optimal procedure for 
controlling instruction. We now turn to a 
discussion of how the OE and OU procedures 
were derived from the model. Prior to con- 
ducting the experiment reported in this article, 
a pilot study was run using the same word 
lists and the RO procedure described above. 
Data from the pilot study were employed to 
estimate the parameters of the model ; the esti- 
mates were obtained using the minimum chi- 
square procedures described in Atkinson and 
Crothers. Two separate estimates of param- 
eters were made. In one case it was assumed 
that the items were equally difficult, and data 
from all 84 items were lumped together to 
obtain a single estimate of the parameter 
vector $; this estimation procedure will be 
called the equal-parameter case (E case), 
since all items are à umed to be of equal 
difficulty. In the second case data were 
separated by items, and an estimate of $i was 
made for each of the 84 items (i.e. 84 x5 
— 420 parameters Were estimated); this pro- 
cedure will be called the unequal-parameter 
case (U case). In both the U and E cases, 
d that there were no differences 
this homogeneity assumption 
rs will be commented upon 
sets of parameter estimates 
the optimization schemes 
as the OF and OU 
based on estimates 


it was assume 


among SSi 
regarding learne 
later. The two 
were used to generate 
referred to 

the former i 
z and the latter from Case { a 
formulate an instructional 


previously 
procedures: 
from Case I 


order to : 

ie y, it is necessary to be precise about the 
strategy, 1U!? ES vii phas 

amd to be maximized. For the present 

ies l is to maximize the total 


experiment the goa 
s S correct 


i ly translates on the 
number of item J 
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delayed test? To do this, we need to specify 
the theoretical relationship between the state 
of learning at the end of the instructional 
session and performance on the delayed test. 
'The assumption made here is that only those 
items in State P at the end of the instructional 
session will be translated correctly on the 
delayed test; an item in State T is presumed 
to be forgotten during the intervening week. 
Thus, the problem of maximizing delayed-test 
performance involves, at least in theory, 
maximizing the number of items in State P at 
the termination of the instructional session. 
Having numerical values for parameters 
and knowing S's response history, itis possible 
to estimate his current state of learning. 
Stated more precisely, the learning model can 
be used to derive equations and, in turn, 
compute the probabilities of being in States P, 
T, and U for each item at the start of Trial 
n, conditionalized on S's response history up 
to and including Trial» — 1. Given numerical 
estimates of these probabilities, a strategy for 
optimizing performance is to select that item 
for presentation (from the current display 
list) that has the greatest probability of mov- 
ing into State P if itis tested and studied on the 
trial. This strategy has been termed the one- 
stage optimization procedure because it looks 
ahead only one trial in making decisions. The 
true optimal policy (i.e., an N-stage procedure) 


would consider all possible 


item-response 


? Other measures can be used to assess the benefits 
of an instructional strategy; e.g., in this case weights 
could be assigned to items measuring their relative 
importance, Also costs may be associated with the 
various actions taken during an instructional session. 
Thus, for the general case, the optimization problem 
involves assessing costs and benefits and finding 
a strategy that maximizes an appropriate function 
defined on them. For a discussion of this issue sce 
Atkinson and Paulson (1972), Dear, Silberman, 

(1967), and Smallwood 


Estavan, and Atkinson 
(1971), 

? The S's response history is 
of the vocabulary item presented 
that occurred. It can be show: 
sufficient history that contains 
necessary to estimate 


a record for each trial 
and the response 
n that there exists a 
only the information 
i i current state of learning; 
the sufficient history is always a function of the 
complete history and the assumed learning model 
(Groen & Atkinson, 1966). For the model con- 
sidered in this paper the sufficient history is fairly 
simple. It is specified in terms of individual 
vocabulary items for each S; we need to know 
the ordered sequence of correct and incorrect re- 
Sponses to a given item plus the number of errors 


(to other items) that intervene between each 
presentation of the item. 
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sequences for the remaining trials and — 
the next item so as to maximize the number o 
items in State P at the termination of the 
instructional session. Unfortunately, for the 
present case the N-stage policy canna, b 
applied because the necessary computatio È 
are too time consuming even for a piges à 
computer. A series of Monte Carlo stuc 
indicates that the one-stage policy is a goo 
approximation to the optimal Kuna tor a 
variety of Markov learning models; it was a 
this reason, as well as the relative ones: ai 
computing, that the one-stage procedure ker 
employed. For a discussion of one-stage nd 
N-stage policies and Monte Carlo studi - 
comparing them see Groen and Atkinso 
(1966), Calfee (1970), and Laubsch (1970). F 

The optimization procedure described above 
was implemented on the computer and v" 
mitted decisions to be made on-line for cach E 
on a trial-by-trial basis. For Ss in the pr 
group, the computations were carried oi 
using the five parameter values es mated 
under the assumption of homogeneous items 
(E-case) ; for Ss in the OU group the computa- 
tions were based on the 420 parameter values 
estimated under the assumption of hetero- 
geneous items (U-casc). 

The OU procedure is sensitive to interitem 
differences and consequently generates a or 
effective optimization strategy than the oF 
procedure. The OE procedure, however 2 
almost as effectiv having S make his OW t 
instructional decisions and far superior to k 
random presentation scheme. If individu? 
differences among Ss also are taken into ac 
count, then further improvements in delaye^, 
test performance should be possible ; this ist 
and methods for dealing with individ" 
differences are Atkinson à! 
Paulson (1972). 


discussed in 


e 

The study reported here illustrates ye 
approach that can contribute to the deve 2D. 
ment of a theory of instruction (Hilgard, 19 ire 
This is not to suggest that the OU procedi 
Tepresents a final solution to the 


" H n pon 
of optimal item selection. The model par 
which this Strategy is based ignores SC" 


\ ; lation" 
important factors, such as interitem pelot 
" H H is 

ships, motivation, and short-term men 


7 0): 
effects (Atkinson & Shiffrin, 1968, P- "jg 
Undoubtedly, strategies based on lear" at 
models that take these variables into acc? 


would yield superior procedures. icl 

Although the task considered in this an re 
deals with a limited form of instruction, are 
are at least two practical reasons for study? 


I 
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atte spel his type of task occurs in numerous 
ning situations; no matter what the peda- 
Sogical orientation, any initial reading program 
ot deipelaugaage course involves some form 
noted pe In this regard it should be 
Sitater. a a modified version of the OU 
Sta. Pa nas been used successfully in the 

anford computer-assisted instruction pro- 
1972) Wee reading (Atkinson & Fletcher, 
mold Second, the study of simple tasks that 
types x understood in detail provides proto- 
ypes for analyzing more complex optimiza- 
ton problems. At present, analyses compar- 
able to those reported here cannot be made for 
te Y instructional procedures of central in- 
cr to educators, but examples of this sort 

pia clarify the steps involved in devising 
and testing optimal strategies." 


^ For; Cup A 
= or a review of work on optimizing learning and 
— [enens to the literature see Mkinson (1972). 


SRENCES 


REF 
A os R. C. Ingredients for a the 
ATkINS A miera Psychologist, 1972, 
ol D SON, R. C,& CROTHERS, E. J. 1 0 
paired-associate learning models having dif- 
crent acquisitions and retention axioms. Journal 
ao Mathematical Psychology, 1964, 2, 285-315. 
KINson, R. C., & Fiercuer, J. D, Teaching 
children to read with a computer. The Reading 
nat eacher, 1972, 25, 319-327. 
ATKINSON, R. C., & PavLsos, J. A 


ory of instruc- 
27, 921-931. 
A comparison 


A 


An approach 


129 
to the psychology of instruction. Psychological 
Bulletin, 1972, 78, 49-61. 

Arkmsox, R. C, & SmrrrRiN, R. M. Human 


A proposed system and its control 
processes. In K. W. Spence & J. T. Spence (Eds.), 
The psychology of learning and motivation: Ad- 
vances in research and theory. Vol. 2. New York: 
Academic Press, 1968. 

CaLreEE, R. C. The role of mathematical models in 
optimizing instruction. Scientia: Revue Inter- 
nationale de Synthèse Scientifique, 1970, 105, 1— 

R. C, & ATKINSON, R. C. Paired-as- 

models and the effect of list length. 

Mathematical Psychology, 1965, 2, 


sociate 
Journal of 


SiunERMAN, H. F., ESTAVAN, D. P, & 
Arkinson, R. C. An optimal strategy for the 
presentation of paired-associate items. Behavioral 
Science, 1967, 12, 1-13. 

Grogs, G. J. & ATKINSON, R. C. Models for 
optimizing the learning process. Psychological 
Bulletin, 1966, 66, 309-320. 

R. (Ed. Theories of learning and 

The sixty-third yearbook of the Na- 

tional Society for the Study of Education. Chicago: 

University of Chicago Press, 1964. 

J. H Optimal item allocation in com- 

ted instruction. TAG Journal, 1970, 


Hincarp, E. 
instruction. 


LAUBSCH, 


3, 205-311. " 
Syatiwoop, R. D. The analysis of economic 


teaching strategies for a simple learning model. 


Journal of Mathematical Psychology, 1971, 8, 


285-301. 
(Received February 4, 1972) 


Journal of Experimental Psychology 
1972, Vol. 96, No. 1, 130-133 


THE GENERALITY OF FITTS'S LAW 


LISANNE BAINBRIDGE! axp MOIRA SANDERS 


University of Reading, Reading, England 


In P. M. Fitts's original equation describing the relation between amplitude, 
accuracy, and duration of hand movements, the duration depends on the 


logarithm of the ratio of amplitude and accuracy. 
Welford suggest that the logarithmic transform g 


Data presented by A. T. 
es additivity of amplitude 


and accuracy effects. This paper presents data from a variant ol de 
dotting task, in which amplitude and duration of movements were controllec 
and accuracy measured. “The results support the original ratio equation. 


Fitts (1954) was the first to suggest an 
equation which related the amplitude, 
accuracy, and duration of hand movements. 
This equation was determined from em- 
pirical studies in which S moved his hand 
to and fro between two targets. The dis- 
tance (A) between, and width (W) of, the 
targets was varied and the time (WT) 
taken to make the movements was mea- 
sured. The following equation fitted the 
data: 


MT = a-logs(24/W) + b, 


in which a and b are constants. 

From his equation, Fitts (1954) made 
inferences about the mechanisms of move- 
ment control in terms of information 
theory. Use of binary logarithms is not 
necessary to the analysis; however, the 
data would give a straight line if plotted 
using the above equation with logarithms 
to any base. Change of base, e.g., to logs, 
simply changes the constant a by a factor 
log.(2). The multiplier, 2, is not an 
empirically determined parameter but was 
added by Fitts to ensure that the ratio 
was always positive; it has the effect of 
adding a constant. The essential aspects 
of Fitts's equation are that the movement 
time is a function of the ratio of the 
amplitude and accuracy of the movement, 
whatever their absolute sizes, and that 
this function is logarithmic. 

Later researchers have studied the same 
type of task and suggested refinements of 
this equation. In Fitts's original equation, 


* Requests for reprints should be sent to Lisanne 
Bainbridge, Department of Psychology, University 
of Reading, Building 3, Earley Gate, Whiteknights 
Reading, RG 6 2AL, England. 


the 4 and I values were those defined by 
E and drawn as the targets. Since S may 
not be working according to the values 
thus defined, Æ should calculate the 4 /H 
ratios from S's A and W values, A’ and 
W', in which A’ is the measured distance 
between the midpoints of the two hit 
distributions and W’ is the measured 
width of the scatter of S's hit points about 
a given target. For the present purpose, 
the most important refinements of F'itts's 
equation using A’ and W’ were given by 
Welford (1968, pp. 147 & 156): 


MT = k-log(A' /W' + .5) 
MT = k-log(A'/(W" — e) + .5). 


Il 


C1] 
[2] 


In Welford's study, a single line could be 
drawn through the data on a plot of move- 
ment time against Equation 1, but a better 
fit to a line was obtained by plotting against 
Equation 2, with c = 3 mm. In a study 
hy Welford (1969) in which the parameters 
were empirically determined, average 
values obtained werek = .116and¢ = 3.16 
mm., for Ss aged 20-60 yr. 

Welford (1968, p. 157) also presented 
different analysis of the data, which bring? 
into question the basic ratio relation, SUS 
gesting instead that the absolute sizes © 
A and W do affect the movement time 
In Welford's plot of movement time 
against Equation 1, the points for om? 
target width and different movement 
amplitudes did fall on a straight line. ^? 
set of such lines was obtained, one sls 
each target width used. ‘These lines wer 
parallel. This means that a change u 
target width added a small constant to the 
movement time, and this a 


ll 


constant 
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Ae igi by the particular amplitude 
cing tested. Parallel lines were also 
obtained if points for any one amplitude 
at different target widths were connected. 
Thus the effects of accuracy and ampli- 
tude could be analyzed separately by 
taking their logarithms. Their effects are 
then additive and their interaction does not 
have to be considered. The equation 
describing this relation is given by Welford 
(1968): i 


[3] 


From Welford’s data the ratio 6:4, for Ss 
aged 20-60 yr., was 1.75: 1; ie. in deter- 
time accuracy was 


MT = a-logel! + 6-log( W") 


mining movement 
weighted 1.75 times more heavily than 
amplitude. 


Ifa = b, Equation 3 simplifies to 


a[logA^ + log (1, w] 
= a-log (4'/W"), 


MT 


i 


as found in previous studies. 
t Fittss finding, that 
letermined by the ratio 
accuracy rather than 
may have been a 
a task in which 
are equally 
a basic deter- 


the ratio 
This suggests tha 
movement time is ¢ 
of amplitude and 
their absolute values, 
happy accident of using 
amplitude and accuracy 
Weighted, rather than being 
Minant of movement control. 
Welford's (1969) analysis did not resov 
Which of these two formulations, the ratio 
or the additive, best fitted the data. The 
data plotted against Equation 2 with c = 3 
fitted a straight line. The data plotted 
against Equation 3, with 4 = 104 and 
b = 477, fitted a straight line just as well. 


If one of these equations is a general state- 
amplitude, 


ment of the relation between a 
accuracy, and duration, then it should 
apply in other tasks. This paper presents 
à study of a simple inversion of Fittss 
Original task. Amplitude and duration 
of movement were controlled, and accuracy 
Measured. Brown and Slater-Hammel 


(1949) varied the amplitude of movements 
t, and found that 


solve 


I 1 H "ae 
nade to a single line target, : 
duration of movement increased with 
amplitude, at an essentially constant ac 
2 mm. from 


Cur; n 
Uracy of within less than = 
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TABLE 1 


SURIECUE MOVEMENT Accuracy (Il!) AND 
AMPLITUDE (4^) ror EacH CONDITION 


| 
A 


PL | nem — HRS os 
Res u * 8 16 
i " oo | 15 | an 
A 4.06 T u. 
E! IU 268 1.09 2 
J^ 3,90 8.01 1 
6 I" 3: ET 4 
A' 3.99 8.01 15.86 
Notes Movement acenracy and amplitude are measured in 


the target line. Woodworth (1899) studied 
movements of constant duration made over 
amplitudes of 50, 100, 150, and 200 mm. 
The error scores were slightly less than 
would be predicted from Fitts's equation. 
In the experiment described here both 
amplitude and duration of movement were 
varied systematically. Analysis of the 
results should show whether the same 
type of relation generalizes to the descrip- 
tion of this task, and if so should help to 
discriminate between the variant equations 
suggested for the original task. 


METHOD AND DESIGN 


‘The S dotted between lines drawn on paper. Each 
target was marked by a single line, so a target sheet 
contained a pair of parallel lines. The distance 
between the lines was the amplitude as defined by 
E. Three amplitudes were used, 4" (102 mm.), 8" 
(204 mm.), and 16" (408 mm.). Movement time 
was set by making S move in time with the beats of 
a metronome. Three metronome speeds were used, 
100, 150, and 200 movements per minute, or .6, .4 
ec. per movement. Each trial lasted for 1 
The S was asked to be as accurate as possible 
in hitting the target line, but the importance of 
keeping up with the metronome was stressed. The 
S was told that accuracy should suffer rather than 
timing if the beats were too fast. 

The three amplitudes and three speeds gave nine 
experimental conditions. These nine conditions were 
presented in pseudorandom order to S. They were 
then presented again in the reverse order. Each 5 
was given a different random order. Ten Ss, all 
volunteer university students, Were used. : 

"The accuracy of hits around each target was found 
by the simple technique used by W elford (1969). 
I^ was taken as the distance between extreme shots, 
measured along the axis of the movement ignoring 
wild deviations. To measure S's amplitude, Ata 
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line was drawn down the linear center of the dis- 
tribution of hits for each target, perpendicular to the 
axis of movement. The A’ in a given trial was 
measured as the distance between these lines drawn 
for the two targets. 


RESULTS 


There were 20 readings for each condi- 
tion; the means of these were calculated, 
in inches, and are given in Table 1. 

Figure 1 shows the accuracy achieved 
with different movement amplitudes at the 
three levels of movement time. Inaccuracy 
(width of target) was linearly related to 
amplitude. This relation interacted with 
AIT, as the slope of the function varied with 
AIT. The equations for the three lines, 
obtained from least-squares regression cal- 
culations, are given in Fig. 1. The lines 
had a common intercept, of average value 
176. The differences in slope were sta- 
tistically significant. For the slopes at .6- 
and .4-sec. MT, F (1, 2) = 40.34; and for 
4- and -3-sec. MT, F (1, 2) = 44.95—these 
were significant at p < .05; for the slopes 
at Gand .3 sec., F (1, 2) = 221.05, p. < 01. 
Fhe relation of slope of line to MT could 
not be fitted by a linear, logarithmic, or 
power equation, but could be fitted by an 
exponential equation. In this equation, 2 


is used as a base, as is cor 
studies, 


slope 


nmon in these 
Substituting this equation for 


e in the general equation for these 
Straight lines gives: 


W" = (1.015 x 2-7) 47 4. 176. [4] 
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For comparison with earlier equations we 
wish to find MT in terms of W and <I’. 
Taking logarithms of Equation 4 and solv- 
ing for MT we obtain: 
MT = 1279 logs (1' /(W" — .176)) 
4.05. [5] 
Equation 5 is similar in form to Equation 2. 
The target width W” was the dependent 
variable in this experiment. A version of 
Welford's (1968) additive type of equation, 
3, in terms of W^ would be: 


logW' = (1/b)(a-log.A" — MT). 


a 


The graph of loga W against (logs — M7) 
is shown in Fig. 2, which also shows the 
equations for the three lines of constant 
A’. The differences in slope of these lines 
were statistically significant, For the 
slopes at 4" and 8" A, F (1, 2) = 40.36; 
and for 8" and 16", F (1, 2) = 88.48, both 
significant at p < .05; for the slopes at 4” | 
and 16", F (1, 2) = 162.5, p«.0t. The | 
slopes and intercepts of these lines both 
changed consistently with A‘, and both 
these functions were best fitted. (by regres- 
sion) by logarithmic equations. ‘These 
equations substituted in the general linear 
equation give: 


log;W' = (2.71 loge’ —.47) (logs! — MT) 
+(19.43—13.61 loged’). [6] 
This equation cannot be solved for MT in 
a way in which logll^ and logd’ are in- 
dependent additive components. f 
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DISCUSSION 


W e wish to test whether the data from this 
experiment is best fitted by an equation such 
as Equation 2, in which A’ and W” interact 
as first suggested by Fitts (1954), or whether 
the logarithmic transform has the effect that 
A’ and IW" are independent and additive as 
suggested by Welford (1968) in Equation 3. 

Two analyses of the data have been pre- 
sented. Analysis of the untransformed data 
gave an equation, 5, which is very similar to 
Equation 2. In Equation 5, the constant ALTE 
is similar to Welford's & value of .116. Wel- 
ford (1969) obtained a c calue of 3.16 mm. The 
constant .176 in Equation 5 can be taken as a 
measure in inches as used in this task and is 
equivalent to 4.47 mm. The discrepancy be- 
tween these c values may be because c is 
a parameter which differs in the two tasks. 
Alternatively, Welford used a fixed added 
constant of .5 in his calculations, which may 
have influenced the c values he found. The 
data from this analysis therefore provides 
good support for an equation in which the 
effects of amplitude and accuracy interact, as 


suggested by Fitts. 

Support for an equation like Eq 
would be obtained from the data after log 
transform, If the log transform. imposed 
the lines in Fig. 2 
: an increase in log should 
of the line relating log W^ 
article, the slopes 
and they 


juation 3 


additivity of A’ and W”, 
should be parallel 
not affect the slope 


and MT, As shown in this 
the same, 


of these lines are not 


vary consistently with A’. Also, it should be 
possible to solve for AT the one equation 
derived for all the lines in such a way that 
logi" and logd’ are independent additive 
components as in Equation 3, and this cannot 
be done for Equation 6. The data from this 
experiment therefore does not fit an indepen- 
dent additive equation like Equation 3, the 
type suggested by Welford (1968). 

The results of an experiment on the ampli- 
tude, duration, and accuracy of movement, 
using a variant of the original Fitts dotting 
task, therefore further support Fitts's analysis 
that it is the ratio of amplitude and accuracy 
which determine the duration of a movement, 
and show that this relation describes perform- 


ance in an inverse type of task. 
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FACTORS IN MOTOR SHORT-TERM MEMORY: 
THE INTERFERENCE EFFECT OF INTERPOLATED ACTIVITY 


ERIC A. ROY asb WILLIAM G. DAVENPORT! 


University of British Columbia, Vancouver, British Columbia, Canada 


The effect of number of interpolated trials on the short-term retention of a 


positioning response was investigated. 


Absolute and algebraic errors were 


T i i iti zero interpolated 
the dependent measures. Three interpolated trial conditions, zero interpolate 


learning trials 
60 and 90 sec., were used. 
condition and increased 


(OIL), two ILQIL), four ILGHL); and two retention intervals, 

Significant interference occurred only in the HLE 
over the retention intervals. 
previous research showing that interference rather than trace decay was the 


Results supported 


major factor in forgetting of a discrete motor response. Similarities in for- 
getting patterns for verbal and motor short-term memory were discussed as 


well as recommendations for future stud 


In. verbal short-term memory (STM), 
there is considerable support for inter- 
ference as a cause of forgetting (Keppel 
& Underwood, 1962; Waugh & Norman, 
1965). In motor STM, prior activity 
causing proactive interference (PI) has 
been implicated as a major source of for- 
getting (Ascoli & Schmidt, 1969; Stelmach, 
1969; Williams, 1971). However, evidence 
of trace decay was present (Ascoli & 
Schmidt, 1969; Stelmach, 1969). A similar 
interference effect of interpolated activity 
has not been as extensively examined. 
Early evidence by Lewis (1947) suggested 
that interpolated activity had to be antag- 
onistic to the criterion response in order 
to cause forgetting, while Boswell and 
Bilodeau (1964) and Williams, Beaver, 
Spence, and Rundell (1969) demonstrated 
that interpolated activity could cause decre- 
ment at recall; however, the majority of 
research indicated no effect of interpolated 
activity (Blick & Bilodeau, 1963; Stelmach 
& Barber, 1970). None of these investiga- 
tions, however, explicitly manipulated the 
number of interfering responses as have 
investigations on prior activity (Ascoli & 
Schmidt, 1969; Stelmach, 1969; Williams, 
1971). Evidence obtained by Melton and 
Irwin (1940), Thune and 
(1943), and Waugh and Norm 
verbal memory studies sugges 


een Tr 


Underwood 
an (1965) in 
ted that the 
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number of interpolated responses could be 
an important factor in motor STM. 

Thus the purpose of this study was to 
extend previous research in the area and 
determine the effect of the number of inter- 
polated motor responses on the STM of a 
simple motor task. It was predicted. that 
interpolated activity would have a retro- 
active interference (IR I) effect; and further, 
based upon the predictions from verbal 
memory (Briggs, 1954), it was predicted 
that the interference effect of interpolated 
activity would decrease over the retention 
intervals since the criterion response hac 
longer to spontaneously recover. 


METHOD 


Subjects.—Vhirty-live right-handed male ie 
graduate students with no prior experience with t i 
apparatus were randomly selected for participate! 
in the study, 

Apparat -X simple linear motor response lar 
employed. The apparatus consisted of a rectangtu i 
slide mounted on. three stainless-steel rods 50 oo 
long. Attached to the slide was a S-cm. handle m 
S's side and a pointer on E's side to indicate "i 
distance moved. The slide could be stopper i 
cither direction when it came in contact with @ 
adjustable stop which could be locked into pe 
The E set the stop by a scale on the front o B. 
apparatus. The distance S moved the slide co! 
also be read from this scale. 

Experimental procedure 
blindfolded and wore 
neous noise, 


was 


and design =s W" : 
earphones to exclude 
After presentation of a warning D! 
through the earphones, Ss moved the slide a“ 
the track. (30 cm.) until it contacted the metal 5 
defining the criterion position. After contact ba 5 
the stop for 3 sec, Æ gave the command, “Releas™ 


extra" 
uzzer 
along 
top 
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titerion, Th À wo were the same distances below the 
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a condition of no interpolated 
15-sec. retention interval. 
as performed on this 


tested in 
trials following à 


A separate analysis W 
condition. There was no significant differ- 


ence in error among the three retention 
intervals, "(2 12) = 1.21, $ > .05. 

Algebraic error —A two-way analysis of 
performed on the recall 
for algebraic error, but no significant 
~ od. This could indicate 
nat randomizing shorter and longer inter- 
rements resulted in a cancel- 

, to some extent, of algebraic error. 
the significant inter- 


ference effect incurred in the 4IL condition. 
DISCUSSION 
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Ascoli and Schmidt (1969) and Stelmach 
(1969) concerning PI effects of prior positions 
might be interpreted in terms of the differ- 
ential attentional demands of the two and four 
prior learning conditions since all groups rested 
over the retention interval. In this study 
however, an attempt was made to approxi- 
mately equalize the attentional demands of 
all the conditions by having all groups per- 
form three-column addition, either during the 
entire retention interval (OIL) or during the 
remainder of the interval following the inter- 
polated responses. 

Pepper and Herman (1970) have shown that 
mental activity during the retention interval 
could result in interference which would be 
reflected in a tendency toward positive 
algebraic error. This effect of mental activity 
on algebraic error was not apparent in this 
study in that in the control condition (OIL) 
there was a marked tendency toward negative 
algebraic error. Further, if mental activity 
caused interference, allowing mental activity 
for a greater time should probably cause in- 
creased interference, and so, greater error. 
However, there was no significant increase in 
absolute or algebraic error in the OIL condition 
as the length of the retention interval increased. 
These results for the OIL condition were as- 
sumed consistent for mental activity in the 
2IL and 4IL conditions, and thus, the effect of 
mental activity appeared to be the prevention 
of rehearsal. 

The interference interpretation of for- 
getting in this study could be confounded 
by the temporal location of the IL. Patrick 
(1971) reports that the temporal location 
of the IL may be more important than the 
number. He found that approximately the 
same error resulted from two conditions of IL: 
one involving five IL and the other involving 
one IL which occurred at the same 
location as the fifth IL in the 


He postulates this result to be d 
effect, Upone 


temporal 
first condition. 
esult ue to a recency 
pon examination of both the 2IL and 
AL conditions, it would seem that, to be con 
sistent with the recency a 


hypothesis 
should have bee € unu 


n greater forgetting in the 60- 
sec. than the 90.sec. retention interv, 
the closer temporal proximity 
last IL in the 


al due to 
to recall of the 
; 60-sec. retention interval. Ag 
this result did not occur, the implication from 
Patrick's study that temporal location of the 
last IL in the 4IL condition would caus 
greater interference than in the 2IL condition 


due to i imi 
its closer temporal proximity to recall 
Goes not seem warranted, 
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The data trends indicated that the mean 
absolute error and variance were very similar 
for the OIL and 2IL conditions. From the OIL 
and 2IL to the 4IL condition, however, there 
was a significant increase in absolute error 
with a corresponding decrease in variance. 
This result seems to argue against an interpre- 
tation such as Stelmach's (1969) that, in the 
retention of motor tasks, variance and, hence, 
absolute error increase. with conditions which 
produce interference. 

Although interference appears to hold the 
greater explanatory power, the results ob- 
tained only partially support the predictions 
made concerning the effect of interpolated 
activity. First, the interference effect of 
interpolated trials did not constitute a major 
source of forgetting until the 4IL trials. This 
supports the results of other investigations 1n 
motor STM (Ascoli & Schmidt, 1969; 
Williams, 1971). 

Second, the prediction concerning the de- 
creased interference over the retention interval 
was not supported. Indeed only in the 41L 
condition was the recall accuracy significantly 
poorer at the 90-sec. retention interval. Thus, 
it appears that interference increased in the 
longer retention interval. 

These results tended to point out the basic 
similarity between the verbal and motor STM 
systems in that interference appeared to con- 
stitute the major source of forgetting with little 
explanatory power afforded to trace decay: 
However, two possible divergencies between 
the verbal and motor systems were observed. 
First, this study confirmed other investiga- 
tions indicating that interference in moto" 
STM did not occur until at least four interfer 
ing responses were present (Ascoli & Schmit s 
1969; Stelmach, 1969; Williams, 1971). RE 
search in ver ust 


STM has indicated that J 
one interfering item could cause a decreme” 
at recall (e.g., Keppel & Underwood, 1962). " 
Second, RI usually decreases over retention 
intervals in verbal memory, but in this siu y 
increased over the retention interval. Possib i- 
this increase was due to the fact that the gr 
terion response had not spontaneously H 
covered to any significant degree ove" 
retention interval, Indeed, this may be 
case since in verbal le extine 
hypothesis concerning s covery iy 
the crite mam 
in secon 
inte 


the 
tion 


arning, the 
; pontaneous reco’ 
rion response was tested pr! oy 
dary memory in which the rete. 
rvals involved periods of up to several dem. 
P In conclusion, these results indicated e 
interference caused a 


by interpolated act 


n 
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Was a major source of forgetting in motor STM. 
F urther research should be carried out to estab- 
lish the generality of this effect over other 
types of motor responses. 
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ON THE INHIBITORY EFFECT OF A SECC ND p S 
FOLLOWING THE PRIMARY STIMULUS TO REA : 


A SUCCESSFUL REPLICATION 


FREDERICK L. KITTERLE ! axb HARRY HELSON * 
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H. Helson and J. A. Steger found in 1962 that a second stimulus (Sz) interfered 
with the reaction time to a primary stimulus ( 
found to be a curvilinear function of the stimulus-ons 
The failure of other inve 
interpreted as being due to differences in procedure 
and methodology, the chief difference being the spatial separation between 


between 80 and 100 msec. 
U-shaped function wa: 


» Sı and Sa. 

The purpose of this study was to resolve 
discrepancies between the results reported 
by Helson and Steger (1962) and subse- 
quent attempts to replicate the study by 
Koplin, Fox, and Dozier (1966), Lappin 
and Eriksen (1964), and Herman and 
Kantowitz (1969). Briefly, Helson and 
Steger found that a second stimulus (Sz) 
which followed a primary stimulus (S1) 
lengthened the reaction time (RT) to S, 
as shown by an inverted U-shaped curve, 
which described RT as a function of 
stimulus-onset-asynchrony (SOA). Maxi- 
mal interference in RT occurred when S, 
onset was 80 to 100 msec. later than the S, 
onset. 

In a number of attempted replications of 
this study the inverted U-shaped function 
was not found (Herman, 1969; Herman & 
Kantowitz, 1969; Herman & McCauley, 
1969; Koplin et al., 1966; Lappin & 
Eriksen, 1964). These attempted replica- 
tions have differed from the original Helson 
and Steger study in a number of ways that 
might have significantly influenced the re- 
sults of the experiments. 

One of the major differences of these 
experiments was in the display used. 
Helson and Steger (1962) used a three-light 
stimulus display. In their experiment, 
both end lights functioned as S; and the 
middle light functioned as S». Over trials, 
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) Reaction time (RT) was 
nehrony (SOA) 
tors to obtain this 


the position of S, with respect to S: varied, 
i.e., from the left to the right. However, in 
the Lappin and Eriksen (1964) study, @ 
two-light display was used. The lights 
labeled S; and S, were randomly varied 
over trials; Sj was responded to on 50% ol 
the trials, while in the Helson and Steger 
experiment no overt response was required 
to Sa. 

Herman (1969) investigated the effects 
of stimulus display on RT to S; in a more 
extensive experiment. One group (Group 
1) responded to one of two stimulus lights 
as in the Lappin and Eriksen (1964) study. 
Another group (Group 2) viewed three 
lights arranged in a triangle with S» at the 
apex. The bottom two lights forming the 
base of the triangle were the S; lights. The 
conditions of this group were similar to 
those of llelson and Steger (1962). A 
third group responded to S, alone. The 
results of this experiment showed that RI 
was independent of interstimulus interval 
(ISI) for all groups. Close examination 
of their stimulus display reveals a spatial 
distance of 5.65 cm. between S, and 5s 
while the distance in the Helson and Stege! 
study was only 1.90 em. so the bowing 
effect may be dependent upon some critical 
distance between S; and Ss, a supposition 
we have tested in this study. 

The purpose of this investigation is (0 
determine whether the inverted U-shaped 
RT function depends upon S; being neutra 
(i.e., no response is made to it) and whether 
there is a critical distance between Sı ank 
S: for the Helson-Steger effect to appear 
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CONDITIONS REQUIRED TO REPLICATE HELSON AND STEGER 


EXPERIMENT | 


Vethod.—Ten < 
course at the Unive 
S 


in the introductory psychology 
f ty of Massachusetts served as 
in the experiment in order to fulfill part of the 
requirements for course credit. 

k Fhe apparatus consisted of a vertical panel board, 
45.7 X 61.0 cm., on which were mounted hori- 
zontally three neon lamps (GE NE-15) behind 
ground-glass apertures 1.75 cm. in diameter. The 
lamps were mounted in the center of the panel and 
spaced 1.90 cm. apart. The lamps were mounted in 
a light housing and shielded so that each stimulus 
was lighted independently of the others. : bove the 
center lamp (82) was a red cross servin fixation 
point, The response button, a Western. Union 
telegraph key, was mounted in the middle of a 
slightly angular horizontal panel 22.9 em. from the 
vertical panel. Both the horizontal and the vertical 
panels were painted in a flat black. 

The Æ sat behind the panel board and by pressing 
a switch could turn on the stimulus light to the left 
or right of $ A Hunter interval timer c ontrolled the 
ISI between the onset of Sı and The ISIs 
ranged from 20 to 200 msec. in steps of 20 msec. 
The Q-msec. ISI was the control condition in which 
no S, was presented. Both S, and Ss stayed on 
until S responded. Response time in mil 

as recorded by a Hunter Klockcounter. 

experiment was run in a normally lighted room. 
The lights which served as stimuli were distinctly 
visible against the black background. 
s in an earlier study (Helson & Steger, 1962), the 
stimuli were counterbalanced; i.e. the pri- 
mary stimulus (Sı) was either on the right or the 
left of the middle or interpolated stimulus which 
The procedure is outlined in 
Ss. 


always served as 
the instructions given to the 


TABLE 1 
AND OBSERVED REACTION Tint 
(51) FOLLOWED AT VARIOUS 
AsYNCHRONIES (SOAs) 


THEORETICAL 
PRIMAR 
SrIMULUS-ONS 


No Ss 171.80 
20 175.00 
40 177.40 
60 179.06 
80 179.86 

100 179.86 
120 | 179.06 
140 177.46 
160 175.06 
180 171.86 
200 167.86 


following 
iterion : Š 171.86 
cured in milliseconds. 


Note.— The theore 
equation obtained 
HARY — 001°. 


squar 


by 1 i: 
Reaction times are mea 
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TABLE 2 
ANALYSIS OF VARIANCE OF THE RESULTS 
or Ex TI 
Source of variation | df MS F 
zd = 
SON | 10 17.81* 
lin SON 1 ns 
quad SOA 1 | 1271.08 13.92* 
residual 8 | 28.41 ns 
Ss (S) 9 4950.60 
S x SOA 90 91.3 


The scores used were the mei 
achrony (SOA). 
tions (10 Ss X11 


Note. 
A per stimulus-onse 
1 1,100. obser 


“SOAS X 10 


TU] 
*p «001. 


This is an experiment in simple reaction time. 
You are to respond to the light as quickly as you 
possibly can by lifting your finger (index) from the 
response key. Note the lights facing you. ] will 
tell you which end light you are to watch. If I say 
“left” you are to watch the light on the left and 
react to it as quickly as possible. The procedure 
will be this: | will say "right" or "left" and you 
are to then depress the response key. Then I will 
say “ready.” A short time later the light you are 
to watch will come on. As soon as it comes on you 
are to react to it as quickly as possible by lifting 
your finger from the response key. 


The left and right presentations of Ss were 
randomly distributed and counterbalanced so that 
at each of the 11 ISIs there were five right and five 
left presentations of S; with respect to S» The 
primary stimulus, Si, appeared after variable inter- 
vals ranging from .5 to 3 sec. after the read ignal. 
Each S served as his own control in that his average 
RT without Se served as his zero or base line. The 
[SIs were presented in random order. The Ss were 
given four practice trials in which they responded to 
S, alone in order to familiarize them with the pro- 
cedure, The Ss were not told the purpose of the 
experiment or the role of S. until all of the data of 
the experiment were gathered. 

The data for this study were based on 1,100 ob- 
servations (10 Ss X 11 ISI« X 10 Replications). 


Results he results of Exp. l are 
presented in Table 1. The data indicated 
that RT toS; is not fat over IST but follows 
a parabolic curve which peaks at 80-100 
msec., as in the Helson-Steger (1962) study. 
This conclusion is verified by the signifi- 
cant quadratic effect, F (1, 90) = 13.92, 
p < .001, in the analysis of variance pre- 
sented in Table 2. 

The results of this analysis support the 
conclusions of Helson and Steger (1962) 
that the RT to a primary stimulus is 
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TABLE 3 light stimulus display with an interlight separation 
> of 1.90 cm. In another condition (Cond the 
ESSHUTSIOR EXPERIMENT] .. A middle light of the three-li acked 
i i ~ out leaving a two-light display with a separation of 
SOA Cond. 1 | Cond. 2 | Cond. 3 XR un: a d 
| 7 Experimental conditions were presented to Ss in à 
Nose 210.57 | 151.00 207,00 LI order. Condition | was a straight 
a HU pees P D replication of Exp. I. In Cond. 2, Ss responded to 
E erat LBS | E the left light of a two-light stimulus display for 10 
2 eo ToS 19890 trials and then the right light for another 10 trials. 
i P eg ow — Cond. 3 was similar to Cond. 2 except that Sj and 
a apse 193.27 15637 Sz were separated by 3.81 ett ree 
140 214.20 i0193 | 20513 A The primary stimulus (Sı) app eq ta m S 
160 323 3 182.37 191.33 interv. nging from .5 to 3 sec. a ter * DI 
Ba. 180 201 21 187.17 | 205.20 signal. ch 5 served as his own control in pnt 
e 200 207.27 193.17 | 198.73 his average RT without S; served as his zero or bas 


ch entry is the mean of three Ss’ reaction time per 
SOA. Condition 1 is the regular Helson-Stege! 
splay; Cond. 2, a two-light display with 1.90 cm. 
separation between Si and S2; Cond. 3, a two-light display with 
a separation of 3.81 em. betw Siand Ss, 


lengthened when it is followed by a second- 
ary stimulus under their conditions. 


EXPERIMENT II 


The purpose of this experiment was to 
investigate the effects of S on S, in a two- 
light stimulus display when competition 
was held to a minimum by blocking trials, 
so that the spatial position of S, was held 
constant for a given number of trials. 


Method.— Three Ss from the introductory psycho- 
logy course participated in this experiment as part 
of the course credit. 

The apparatus of this experiment was similar to 
that used in Exp. I. The right-most light of the 
display was covered with black tape leaving a two- 


TABLE 4 


ANALYSIS OF VARIANCE OF THE RESULTS 


OF EXPERIMENT |I 

Source of variation | af | MS | F 
Cond. (C) | 2 | s0707 ns 
SOA | 10 212.51 ns 
Ss (S) | 2 | 170661 
C x SOA | 20 | 391.97 | 2.16* 

C X Linear SOA | 1 | 225.96 | ns 

CXQuadraticSOA | 1 | 947.31 | 522* 
Cx 5 4 10904.06 
Sx SOA | 20 206.2 | 
C XS x SOA | 30 | 168.91 | 
edm | — — 
jude This analysis is aged on the man of ee Se 
jugements per condition per Stimulus dict ayadi (SORS. 


line. The Ss were given four practice tria in which 
they responded to S; alone in order to familiarize 
them with the procedure. The Ss were not told 
the purpose of the experiment or the role of Ss until 
all of the data of the experiment were gathered. 


Results.—The results of this experiment 
are presented in Table 3, and an analysis of 
variance of these results is presented in 
Table 4. The significant first-order inter- 
action between ISI and conditions indicates 
that each condition differentially affected 
the forms of the RT function over ISIs. 
Further analysis reveals a significant quad- 
ratic ISI X Conditions interaction, F 
(1, 60) = 5.22, p «.001. In general, 
Cond. 1 and Cond. 2 produced parabolic 
curves, while the R'T was virtually flat 
over ISI for Cond. 3. 


DISCUSSION 


The results of these experiments indicate 
that the U-shaped function reported by Helson 
and Steger (1962) is dependent upon at least 
two stimulus parameters. The first of these 
is the neutrality of Sə. If, as in the Lappi” 
and Eriksen (1964) study, S» is responded tO 
on some trials, the interfering effect of Sg on 
Sı is diminished (Herman & Kantow!tZ 
1969). However, if the trials are blocked $9 
that S; is not responded to or if a three-light 
display is used, the inverted U-shaped R 
function is obtained. è 

A second important parameter is the dis- 
tance between S; and S}, A change in spatial 
separation from 1.90 cm, to 3.81 cm. nullified 
any effect of Sy on Sı. 

Thus, it is evident that the failures t° 
replicate Helson and Steger (1962) may be 
due to failure in minimizing response competi- 
ton and in keeping the SiS» separation within 
a critical distance. Further studies are neede 


CONDITIONS REQUIRED TO. 
to specify the nature and locus of the Sə 
interference, 
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IRRELEVANT INFORMATION, IRREGULARITY, AND 


THE PACING OF REHEARSAL IN SEQUE? 
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SHORT-TERM MEMORY! 
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The Ss were required to keep track mentally of the number of occurrences of 


cach of four different symbols presented sequentially. i 
irrelevant information which closely resembled relevant information 
introduced into the sequence performance was disrupted. 
cation of relevancy further disrupts perfori 
attributable to the resulting irregularity of p 


It was found that when 
x 
Delaying identiti- 
nce. The disruption was not 
ntation. It was further found 


that the detrimental effects of irregular presentation rates can be eliminated 
by insertion of cues enabling Ss to pace rehearsals of their mental tallies. 


When Ss are required to tally mentally 
the number of occurrences of each of several 
different symbols or letters presented repeti- 
tively in a sequence, the majority of Ss 
mentally picture a set of windows, one 
corresponding to each category of symbols 
presented. Monty (1968) and Monty, 
Taub, and Laughery (1965) have demon- 
strated that individual running tallies are 
then kept in each window and only the 
tallies are rehearsed after the presentation 
of each successive symbol. Monty, Karsh, 
and Taub (1967a) have found this task to 
be remarkably resistant to interference 
from irrelevant information inserted into 
the sequence. Specifically, when  "ir- 
relevant letters" (U, V, and W to be 
ignored by S) were presented at random as 
part of a periodic sequence of both ir- 
relevant and "relevant letters" (Q, R, and 
S—to be tallied by S), the irrelevant letters 
failed to disrupt keeping-track perfor- 
mance. Further, they actually produced 
better performance than that of a control 
group in which the irrelevant letters were 
omitted from the sequence, there 
ing in an aperiodic or irregular presentation 
of the relevant letters only. On the aver- 
age, performance was better than that of a 
neutral control group which viewed le 


by result- 


tters 


! The authors gratefully acknowledge the 
ance of Jean Standiford in reducing the data. 
cent for reprints should be sent to Robert 

arsh, havioral Research Directorate, Human 


Engineering J : 
“ering Laboratory, Aberdeen Proving G 
Maryland 21005 i ideen Prog Ground, 


assist- 


at a regular rate of presentation, Subse- 
quently, Monty, Karsh, and Taub (19675) 
demonstrated that a brief flash of light 
introduced just prior to each successive 
symbol in a periodic sequence did enhance 
performance relative to a control group 
with no flash of light apparently by serving 
as a cue which enables S to complete on 
going rehearsal of the current state of the 
information in preparation for the next 
stimulus in the sequence. Presumably, the 
irrelevant information used in the earlier 
study (Monty et al, 1967a) served the 
same purpose. 


in short then, it appears that when give? 
irrelevant and relevant. information inter 
mixed in a sequence, Ss can easily make & 
perceptual sort in a manner that does no! 
interfere with either the encoding or "e 
hearsal of the relevant information. Would 
the same result occur if the irrelevant 
information closely resembled the relevant 
information? Would the presence of n 
relevant information within a sequent 
disrupt the rehearsal process if S were not 
told whether a letter was relevant Or nol 
until some time after it was shown, thus 
forcing him to attend to it and perhap? 
enter it into memory (but not necessarily 
to add it to his running tally)? Can is 
disruptive effects of irregular presentation 
be affected by the insertion of a cue with 
which S can pace rehearsal? These wer” 
the major questions to which the presen! 


experiment was addressed. 


142 


M 


FACTORS IN THE DISRUPTION OF SEQU 


METHOD 


Si ^ 
tace E Xm 
Margiana, term x unity College, Churchville, 
AMipparahus Ex ues in this experiment. 
Wien deu de fen re: The apparatus has 
1965). Brief Pi M y elsewhere (Monty et al., 
Teenan s (was seated in front of an Industrial 
Ga oy 2ngineers, Inc., rear-projection display. 
À quences of letters scen as an outline of light 
OE E. dark. background. were preprogrammed 
Ede s rason-S idler SCAT system and projected 
ter at a time onto the 3.8 X 4.8 cm. frosted- 
glass display surface. The S's task was to observe 
and count mentally the number of occurrences of 
each of four relevant letters (Q, R, S, and T) and 
to record their tally in writing at the end of each 
sequence, A sequence is defined as the total number 
of relevant and irrelevant letters presented on a 


trial 


he Ss were randomly assigned to seven groups 
of 22 cach as illustrated in Fig. 1. The four irrelevant 
information groups were de igned to determine (a) 
whether irrelevant information which looked identi- 
cal (also Q, R, S, and T) to relevant information 
would disrupt performance and (b) if forcing S to 
enter the material into memory before providing 
information pertaining to relevancy would seriously 
disrupt keeping-track performance. This was 
complished by carmarking each letter in a sequence 
with either a red or green light of .3-sec. duration. 
The light was projected in the same manner as the 
letters and appeared as a 2.54-cm. square. The Ss 
were instructed to keep track of only those letters 

with a green light and to ignore all 
ociated with a red light. The four groups 
ed on the basis of where, during the 
l-sec. off-time between letters, the red or green 
light appeared. In Group IP (irrelevant, prec ding), 
the color occupied the c. of each off-time 
and immediately preceded it ssociated letter. In 
group IFI (irrelevant, following), the color occupied 
the first .3 sec. of each off-time and immediately 
followed the letter with which it was associated. 


associated 
letters 
were diflerentiat 


m 


‘In Group IF2, the color occupied the middle .3 sec. 


of each off-time and followed its letter, and in 
Group IF3, it occupied the last .3 sec. of each ol- 
time and followed its assoc ited letter. These 
three groups, then, force Ss to discard information 
during the period normally used for rehearsal. 

The total number of relevant letters within any 
given sequence was defined as trial length. All Ss 
were presented with trial lengths of 8, 12, 16, and 
20 relevant letters. So that Ss would not learn how 
Much of the information was irrelevant, three levels 
of irrelevancy were included. In any given sequence 
the letters were irrelevant, } of the 
letters were irrelevant, or 2 of the letters were 
irrelevant, The levels of irrelevancy will be referred 
to as conditions. In Cond. 1, no irrelevant letters 
Were shown, The presentation rate was thus 1 
relevant letter every 1.5 sec. In Cond. 2, the number 
i irrelevant letters shown was equal to 4 of the 
umber of relevant letters per sequence: This re- 


either none of 
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MEAN ERROR 
PER TRIAL 


3.56 


369 


422 


IRRELEVANT 


— Hel RL_MAF3 290 


mi 


GREEN LIGHT P LIGHT PRECEEDS LETTER 
RED LIGHT F LIGHT FOLLOWS LETTER 
| RELEVANT LETTER M MODIFIED MEAN OFF-TIME 


| 1] IRRELEVANT LETTER 


T RELATED STIMULI 


Representation of the seven test groups 
and their mean errors per trial. 


Fie. 1. 


sulted in a mean presentation rate of 1 relevant 
letter every 2.25 sec. In Cond. 3, the number of 
irrelevant letters shown was equal to the number 
of relevant letters per sequence. This resulted in a 
mean presentation rate of 1 relevant letter every 
3.0 sec. * 

Each trial length was paired with each condition 
for a total of 12 combinations. The 12 combinations 
for each group were presented in random order dur- 
ing each of four blocks of 12 sequences. The orders 
in which the letters within a sequence were presented 
were chosen at random with the restriction. that 
cach relevant letter and each irrelevant letter (when 
called for) appeared at least once in every sequence. 
Ss were instructed that each letter. would 
appear but had no knowledge of the total 
vant or irrelevant letters to be pre- 


number of rel 
sented in each sequence. 

The resulting eflect was that 5s were presented 
with a sequence of from 8 to 40 periodically occurring 
letters, some relevant and some irrelevant as indi- 
cated by the red or green light associated with each 
letter. The rate was always 1 letter every 1.5 sec., 
with a .5-sec. on-time and a l-sec. ofi-time, The 
relevant and irrelevant letters within a sequence 
were randomly distributed. No restrictions were 
imposed on the number of irrelevant. letters that 
might occur between relevant letters, other than 
those imposed by the level of irrelevancy and the 
trial length, Thus, the relevant letters were shown 
aperiodically in all sequences except those composed 


of Cond. 1. 


Three additional g were | 
information only and served primarily as controls 


for the irrelevant information groups. Two of these 
groups were designed to investigate the effects of 
aperiodic relevant letter presentations both within & 
sequence and from sequence to sequence, in the 
absence of irrelevant information. In Groups. RP 
(relevant, preceding) and RF3 (relevant, following) 
the identical sequences were presented as in the 


roups of Ss were given relevant 
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Irrelevant Information Groups IP and IF3, respec- 
tively, with the exception that the irrelevant letters 
and their associated red lights were switched off 
and thus, never appeared. The resulting effect was 
that the remaining relevant letters appeared at 
irregular intervals of time for those sequences which 
had originally contained irrelevant letters (Cond. 2 
and 3). 

The Relevant Information Only Group MRF3 
(modified, relevant, following) served as a control 
for the irregular presentation patterns of the afore- 
mentioned two groups. Here again, the relevant 
letter sequences were identical to those used in the 
irrelevant information groups and again, no irrele- 
vant letters or red lights appeared. However, the 
intervals at which the relevant letters appeared were 
18 ste so that the mean presentation rates of 


1.5 sec., 2.25 sec., and 3.0 sec. employed in the 
above groups became the actual presentation rate. 
In other words, all letters appeared at regular inter- 
vals within any given sequence but at a different 
rate from seque; to uence. 

In all c. Ss were informed of the temporal 
relationship between the letters and the lights, 
(i.e, whether the light followed or preceded the 
letter). No suggestion was made, however, that the 
light might be useful to them except to differentiate 
between relevant and irrelevant letters. 

All seven groups were given 2 practice sequences 
to ensure that Ss understood the task. These were 
followed by 48 experimental sequences with 
15-sec. intersequence interval for recording answers. 
A 1,200-Hz. tone signaled the beginning and end of 
each sequence. 


a 


RESULTS 


Absolute error, defined as the sum of 
the absolute differences without regard to 
sign, between the number of each relevant 
letter presented in a sequence and the num- 
ber reported, served as the measure of 
performance. For example, if four Qs, 
three Rs, one S, and four Ts were presented 


and S reported five Os, one R, one S 


hi , and 
three Ts, 


the number of errors for that 
Sequence would have been one for the letter 
Q, two for the letter R 


Q ; and one for letter 
T, for 


atotal of four. Because of differential 
learning effects early in the experime 
the data for the fourth block 
here. The absolute error sco 
Croup X Trial Length combi 
Subjected to an analysis of variance (But- 
ler, Kamlet, & Monty, 1969) with groups 


as à between-effect and tri 
a a ial leng É 
within-effect, | videl 


, The main 
Significant, 


ntonly 
are reported 
res for each 
nation were 


effect for trial 1 


: ength wa 
F (3, 441) = T 


134.36, p < .01, 
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indicating that the longer the trial length 
the poorer the performance (mean errors, 
respectively, of 2.13, 3.18, 3.93, and 4.94 
for trial lengths of 8, 16, and 20). Of 
greater interest is the significant main 
effect for groups, / (6, 147) = 3.00, p «.01. 
The means underlying the effect are shown 
in Fig. 1. Finally, the Groups X Trial 
Length interaction failed to reach signifi- 
cance at the .05 level of significance. 


DISCUSSION 


Does the inclusion of irrelevant information 
which is similar to relevant information disrupt 
keeping-track performance? It can be seen 
from Fig. 1 that Group IP made an average of 
3.56 errors per trial in contrast with its control 
for irregularity of relevant letter presentation, 
Group RP, with only 2.64 errors per trial. 
Thus, unlike the earlier experiment in which 
the relevant and irrelevant materials were 
dissimilar (Monty et al., 1967a), irrelevancy 
in the present study led to disruption of keep- 
ing-track performance. Similarity of materials. 
then, appears to be a very important factor. 
This finding lends support to the contention 
of Erlick (1962) and Hodge (1959) to the 
affect that the ability to filter out irrelevant 
material (noise) in complex tasks increases as 
a function of the ease of differentiating of 
categorizing the relevant from the irrelevant 
aspects of the task and that an important 
requirement for irrelevancy to have any detri- 
mental effect is that the irrelevant information 
be at other times relevant, 

_ Does a delay in identifying the relevancy of 
information further disrupt performance? Un- 
derwood's (1952) reasoning regarding the need 
for contiguity of stimulus and response would 
lead one to predict yes since the greater the 
delay of information, the more S must rely 0" 
memory to maintain the information gap. +! 
can be seen from Fig. 1 that when stimuli 
were identified immediately following b 
presentation (IF1), performance was neatly 
identical to when identification immediatelY 
preceded (IP) each stimulus (mean errors Pe” 
trial, respectively, of 3.69 vs, 3,56), However 
as the identification moved further away fro?! 
the stimulus, forcing S to enter the stimulus 
in memory and delay rehearsal, performance 
deteriorated gradually (mean errors per ttl 
of 4.22 and 4.32 for Groups IF2 and 1F3)- 
In short, the longer the delay the poorer tht 
performance, It cannot be stated unequiv®” 
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im a ge the disruption is due to the 
alas: F t es us noted that as the 
nine are e pu k ie location of the cue gets 
ciii to Lum poor ima so that S is also 
üt the zu pe a ' ecision about the old cue 
m he ne e is processing the new 
PUE. us, the disruption may reflect the 
difficulty of assessing the previous stimulus 
and processing the new one at the same time. 
Cahill and Hovland (1960) have termed errors 
of this latter type perceptual inference (PI) 
errors as contrasted with errors of the first 
type, memory (M) errors. This confound 
noted between the two types of errors in the 
present experiment is logically similar to that 
encountered by Bourne, Goldstein, and Link 
(1964) in their work on concept learning. 
Both Bourne et al. and Cahill and Hovland, 
however, are led to conclude that only a small 
proportion of errors in such situations are 
attributable to improper perceptual inferences. 
More errors result from Ss’ apparent failure 
to remember earlier stimuli. 

There is, however, another technique Ss 
to minimize disruption of 
rehearse only the 


could have used 


performance, that is, to 
remaining three letters not presented while 


awaiting identification of the last letter. For 
example, if an R were presented, S could re- 
hearse the previous running tallies of Qs, Ss, 
and Ts while awaiting identification of the R. 
By contrast, because of the evidence presented 
by Monty, Wiggins, and Karsh (1969), demon- 
strating that subtractions are substantially 
more difficult to perform than additions, it is 
highly unlikely that Ss tallied each letter at 
the time of presentation and then subtracted 
from the tally if the letter proved irrelevant. 
If this were the technique employed, a much 
greater level of error would have been pre- 
Further, the disruption cannot be 
basis of an irregu- 
d by the fact 
rated only 
4.32 


dicted. 
accounted for simply on the 
lar rate of presentation as indicate 
that the Control Group RF3 gene 
3.46 errors per trial as compared with 
for Group IF3. 

What about the role 
It will be recalled that 
by Monty et al. (1967b) 


with a regular rate of presentat 
flash of light (similar to that employed here) 


introduced just prior to each successive symbol 
enhanced performance presumably by cuing 
Ss to terminate the multiple rehearsals postu- 
lated by Monty et al. (1967a), in preparation 
for the next stimulus. There is strong evidence 
here that the light can also be used to offset 


of irregularity per se? 
an earlier investigation 
demonstrated that 
ion, a brief 


tig disrupave effects of irregular rates of pre- 
sentation noted by Monty et al. (1967a) 
Notice, for example, that Group MFR3 ita 
which presentation rate was regular and 
uv ned RUE e 
i er of errors per trial 
(mean errors per trial, respectively, of 2.90 
vs. 2.64). This similarity is attributed to the 
fact that each letter was preceded by a brief 
flash of light (except in the case of the first 
letter for Group MFR3) which presumably 
serves to cue Ss to complete rehearsal of the 
current state of the information in prepara- 
tion for the next stimulus in the sequence 
(Monty et al., 1967b). By contrast, when the 
cue did not always immediately precede the 
letter (RF3), performance deteriorated slightly 
to 3.46 errors per trial. Apparently, Ss are 
either stopping rehearsal at the time of the cue 
and forgetting their tallies during the interval 
before the next letter or attempting to re- 
hearse during that interval and getting inter- 
rupted by the next letter. In short, a cue 
which immediately precedes each successive 
letter is better than one which follows each 
successive letter by some fixed interval. 

In summary, it appears that irrelevant infor- 
mation which bears a close similarity to rele- 
vant information can disrupt keeping-track 
performance, that a delay in identifying the 
relevancy further disrupts performance either 
through PI errors, M errors, or both, and that 
irregular rates of presentation do not disrupt 
performance provided that S is cued to the 
pending onset of the next symbol. 
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lwo experiments tested whether short-t 
could be improved by efficient encodin 


digit duration or interdigit interval. 
In addition, analysis of interactions between length 


d digit duration, interdigit interval, and encoding 


support from the data. 
of retention interval an 
technique led to 
intervals permit increase 


while efficient encoding techniques improve 


the retention interval. 


A number of short-term memory studies 
have shown that accuracy of recall varies 
indirectly with stimulus presentation rate 
(e.g., Aaronson, 1968). Clearly stimulus 
presentation rate for sequential stimuli 


depends on both the duration of individual 
item 


items in the sequence and the interi 
In general, short-term memory 
vary stimulus presentation 
rate have done so only by manipulating in- 
terstimulus interval. Herrington (reported 
by Bergstrom, 1907, pp. 222-228) did 
manipulate stimulus duration as well in a 
task involving serial learning of visually 
presented nonsense syllables. Herrington 
found no effect of duration on recall but 
did find greater recall with increased inter- 
stimulus intervals. More recently, Sitterly 
(1968) varied both stimulus duration and 
interstimulus interval for visually pre- 
sented digits and found improved recall for 
increases of both variables. 
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the conclusions that longer digit durations 
d resistance to forgetting at longer retention intervals 


erm recall for auditory digit sequences 
g techniques and increases in either 
All three hypotheses received strong 


and interdigit 


recall regardless of the length of 


Greater retention at longer stimulus 
durations and interstimulus intervals 
might be explained as resulting from S's 
use of the extra time for encoding (organ- 
ization of material in short-term store) or 
rehearsal. Generally, efficient encoding 
techniques such as chunking (Miller, 1956) 
have been found to facilitate recall. 
Morganstein (1970), for example, found 
recall for sequences for colored lights in- 
creased with decreases in the length of 
code used to represent a stimulus pattern. 

The present experiments attempt to 
determine whether Sitterly's (1968) find- 
ings for visual digit sequences also hold 
for auditory ones. Experiments I and II 
tested whether longer digit durations and 
longer interdigit intervals would result in 
greater recall. Experiment Il also tested 
whether efficient encoding techniques 
would result in superior recall across levels 
of digit duration and interdigit interval. 


EXPERIMENT I 

Method 
Subjects and design.— Thirty-two University of 
Nebraska at Omaha students seeking extra credit 
in an introductory course were randomly assigned 
to the between-Ss cells of a 2 (digit durations) X 2 
(interdigit intervals) X + (sequences of four-digit 
numbers) X 3 (trial blocks) X 5 (retention intervals) 
factorial design with repeated measures on the last 
two factors. Levels of digit duration were .5 sec. 
and 1 sec., while levels of interdigit interval were 
Four different sequences of 60 


0 sec. and 1 sec. t 
used to increase the 


numbers were 


four-digit 


147 


148 
100r E! 
s 
so} 
5 Bo k 
& n ne roo 
> cot D p rera 
El .soL hoo 
E 40r 
S aor 
e 
& 204 
aof 
9 3 4 s D 
y RETENTION INTERVAL (SEC) 
Fic. 1. Digit Duration (DD) X Retention Interval 
interaction. 


generality of the results. Within each of the three 
blocks of 20 trials Ss were tested for retention four 
times at each of five retention intervals, 0, 2, 4, 8, 
and 16 sec. 

Apparatus and malerials.—KEach four-digit number 
was selected from a random-number table with the 
restrictions that none of the digits in a given 
number occurred twice and zeroes were excluded. 
Recording of the digit sequences was done at a 
tape speed of 9.52 cm/sec using a standard two- 
track monaural tape recorder equipped with a remote 
start-stop switch. The tapes for the two ec. 
digit duration conditions involved an additional 
step in their processing. The .5-sec. digit duration/ 
O-sec. interdigit interval tape was produced by 
time compressing a l-sec. digit duration/0-sec. 
interdigit interval tape by a factor of two; a 1-sec. 
digit duration/2-sec. interdigit interval tape was 
similarly time compressed to yield the .5-sec digit 
duration/1-sec, interval tape. The time compression 
was accomplished with a speech-time compressor 
manufactured by Discerned Sound (Model SL14). 
This speech-time compressor is an electromechanical 
compressor of the Fairbanks type (Fairbanks, Ever- 
itte, & Jaeger, 1954). Time compression was ac- 
complished by discarding alternate time samples 
which in this study were 38 msec. in length. Speech 
compressed in this fashion is unaffected with respect 
to vocal pitch. 


A chart containing 12 rows of 10 
selected capital letters, excluding the letters I and 
O, was taped to the wall at eye level approximately 
1 m. in front of S. Each letter was 2.54 cm. high. 
These letters were read aloud by S during the re- 
tention interval to minimize rehearsal, after the 
manner of Peterson and Peterson (1959). The re- 
tention intervals were timed with a standard .1-sec 
stopwatch. 

Procedure.—Each of the 60 trials consisted of the 
auditory Presentation of a four-digit number at the 
appropriate rate, followed immediately by S reading 
aloud, as rapidly as possible, successive Tows of 
letters until the end of the particular retention 
interval. The E then recorded S's verbal response, 


randomly 


MISCIK, SMITH, HAMM, DEFFENBACHER, BROWN 


and the procedure was repeated. W ithin EY 
block of 5 trig was tested once at cach retentior 


order in which retention intervals 


every 


interval. The in i ; 
i q "ach 

were tested. was randomly determined within d 2: 

5-trial block and was constant for all Ss. Each - | 

received 6 practice trials. 


Results 


An error was scored each time S failed to 
recall a particular digit in its correct se i 1 
position. As each retention interval Ua 
tested four times within each Qrtrly 
block, the maximum number of errors for 
these four tests would be 16 (four-digit 
number X four tests). Each score ae 
into the previously described analysis x 
variance design was the proportion correct 
of 16. . 

The Ss averaged .65 correct in the .5-5€€ 
digit duration condition and .76 correct 1m 
the 1-sec. digit duration condition. Longer 
digit durations improved recall, F^ (1, 16) 
= 10.31, p < .01. Longer interdigit 1m- 
tervals also improved recall, £ (1, 16 
= 5.32, p < .05. The Ss averaged .67 cor- 
rect in the 0-sec. interdigit interval condi- 
tion and .75 correct in the 1-sec. interdig?' 
interval condition. Not surprisingly, there 
was a main effect of retention intervat 
F (4, 64) = 134.40, p < .001. Figure | 
presents graphically the significant inter 
action of digit duration and retention n 
terval, F (4, 64) = 3.49, p < 0.25. Inspec 
tion of Fig. 1 indicates that differences Wy 
mean proportion correct associated with 
two digit duration conditions were pee ? 
pronounced at longer than shorter retentir 
intervals. Figure 2 presents the significa 
Interdigit Interval X Retention Interv’ 
interaction, / (4, 64) = 5.08, p < y 
Inspection. of Fig. 2 indicates that » 
ferences in accuracy of recall between » d 
two interdigit interval conditions WC! 
greater at longer retention intervals. ^ à 
other main effects or interactions were 
significant at the .05 level. 


EXPERIMENT |l 
Method 


Subj same 
Subjects and design. —Ninety Ss from the oe 


and r the 

ee as in Exp. I were randomly assigne (inter 

eNveersss cells of a 2 (digit durations) X 3 i 5 
igit 


intervals) X 3 


(encoding techniques 
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(trials blocks) X 5 (retention. intervals) factorial 
Diei with senedted measures on the last. two 
Es 5 Levels of digit duration were again .5 sec. 
and. i Sec, W hile levels of interdigit interval were 

t-> and I see. Three different encoding techniques 
were employed: no chunking, chunking by two 
chunking by three’s. Within each of the five blocks 
of 10 trials, Ss were tested twice at each of the same 
five retention intervals used in 

Apparatus and materials.— 
digit numbers used in this experiment v 
structed and recorded in the same fashion 
Exp. I. Again, all ,5-sec. digit duration condition 
tapes involved the additional time compression 
step in their production. The task interpolated 
between. stimulus presentation and recall was ex- 
actly the same as in Exp. 1. 

Procedure.—Vhe trial structure and procedure for 
randomizing the order in which retention intervals 
Were tested were the same as in Exp. I. Instructions 
s were necessarily different in order that the 
\ ble of encoding technique could be manipulated. 
The Ss in the no-chunking condition were instructed 
not to group the digits in any way; they were to 
store and recall them as a string of separate 
digits. The Ss in the chunking-by-two's condition 
were told to group them only by two's (e.g, to 
Store 142873 as fourteen, twenty-eight, seventy- 
three); Ss in the chunking-by-three’s condition 
were told to group them only by three's (e.g., one 
hundred forty-two, eight hundred seventy-three). 
Again, there were six practice trials. 


ch of the 


Results 


Errors were scored in the same manner as 
Exp. I. Since each retention interval was 
tested twice within each 10-trial block, the 
maximum number of errors for these 2 
trials would be 12 (six-digit numbers X 
two tests). Hence each score entered into 
the previously described analysis of vari- 
ance design was the proportion correct of 12. 

The Ss averaged .47 correct in the .5-sec. 
digit duration condition and .52 correct in 
the 1-sec. digit duration condition. The 
main effect of digit duration was significant, 
F (1,72) = 9.82, p < .005. Again, longer 
Interdigit intervals improved recall, 
F (2, 72) = 5.26, p « .01. The Ss av- 
Craged .47 correct in the 0-sec. interdigit 
Mterval condition, .48 correct at .5 sec., 
and .54 at 1 sec. A multiple-comparisons 
Procedure (Newman-Keuls throughout this 
*Xperiment) indicated that all possible 
Pairwise comparisons were significant at the 

level. Efficient encoding techniques 


also improved recall, F (2, 72) = 21.34, 
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for the no-chunking, chunking-by-two's, 
and chunking-by-three’s conditions, re- 
spectively. All pairwise comparisons were 
significant at the .01 level. Unlike Exp. I, 
there was a trial-blocks effect, F (4, 288) 
= 7.68, p «.001. Means for the five 
trial blocks were .49, .47, .50, .53, and .49, 
respectively. Only the linear component 
of the trend was significant, F (4, 445) = 
8.73, p < .001. As in Exp. I, the retention 
interval effect was significant, F (4, 288) 
= 426.47, p < .001. Analysis of digit 
duration as a function of retention interval 
resulted in a significant interaction 
F (4, 288) = 3.09, p < .025. Figure 3 il- 
lustrates this interaction. Figure 4 de- 
picts the Interdigit Interval X Retention 
Interval interaction, 7 (8, 288) = 3.46, 
p < .005. Figure 5 illustrates the Encod- 
ing Technique X Retention Interval inter- 
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Interval interaction. 


X Retention 


action, F (8, 288) = 2.78, p < .01. The 
only other significant interactions were 
Trial Blocks X Retention Interval, F (16, 
1,152) = 5.12, p < .001, and Encoding 
"Technique X Trial Blocks X Retention In- 
terval, F (32, 1,152) = 2.10, p < .005. 


Discussion 


As both Exp. I and II found pronounced 
digit duration and interdigit interval effects, 
Sitterly's (1968) findings with regard to digit 
duration and interdigit interval for visual 
digit sequences can be extended to auditory 
digit sequences. Apparently, as Haber and 
Nathanson (1969) also have shown, improve- 
ments in recall with decreasing stimulus 
presentation rate can be accomplished by 
increases in either digit duration or interdigit 
interval. The present experiments have not 
replicated Bergstrom's (1907) findings that 
increases in stimulus duration do not facilitate 
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recall. The digit duration and interdigit 
interval effects obtained in both Exp. I and I 
cannot be explained in terms of increased digit 
duration and interdigit interval allowing more 
time for efficient encoding techniques to 
operate. In Exp. II, efficient encoding tech- 
niques (chunking by two's or three s) im- 
proved recall across levels of digit duration 
and interdigit interval and did not interact 
with either variable. Hence Ss were ap- 
parently able to chunk effectively at even the 
briefest digit durations and interdigit intervals 
employed in this experiment. Since increments 
in digit duration and interdigit interval b rond 
the briefest intervals resulted in superior re- 
call, Ss must have been using the extra time 
for other processing activities, for example, 
rehearsal. . 

The existence of a trial-blocks effect in Exp- 
If and not in Exp. I is not surprising. I" 
Exp. II, the positive linear trend for improve- 
ment in recall over trials could be attributed 
to gradual increases in facility with a particular 
encoding technique. In addition, the four- 
digit sequences in Exp. I may not have pre- 
sented enough of a proce ssing load to allow 
for much increase in the ease of processing 
over time. 


Though the substantial retention interval 
effects in both Exp. I and II merely replicate 
the well-known forgetting curves obtained in 
studies such as that of Peterson and Peterson 
(1959), the interactions of retention interva 
with certain other variables are interesting 
ones. In each of the present experiments, the 
facilitative effect on recall of longer digit 
durations and interdigit intervals was greater 
at longer retention intervals than at shorte! 
retention intervals. — Perhaps as suggest 
above, extra rehearsal time associated aoe 
longer digit durations and interdigit inget 
made items apprehended under these con? 5 
tions more resistant to forgetting at lone 
retention intervals. Certainly increased dig" 
duration and interdigit interval did not di ; 
ferentially influence res ance to forgetting 
during stimulus presentation: neither did mo 
permit more effective retrieval. An inspectio" 
of Fig. 1, 2, 3, and 4 supports these interpreta: 
tions in that there are no significant different 
between digit dur rdig 


: ation or among inte tion 
interval conditions at the O-sec. Orr 
Interval. While increasing rehearsal t! 


í d ing 
might make items more resistant to forge! 


: k i ing 
at longer retention intervals, efficient piat 
techniques would seem either to increase T€ 


ers ; : eure 
tance to forgetting during stimulus pres¢! 
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tion or to permit more effective retrieval re- 
gardless of the length of retention interval. 
The Ss in the two chunking conditions were 
presumably able to store each six-digit stimulus 
in two or three, rather than six storage loca- 
tions. It is quite possible that retrieval from 
fewer storage locations is a more error-free 
Process than retrieval from a larger number of 
these locations. This latter interpretation is 
Supported by the significant differences be- 
tween cach of the two chunking conditions and 
the no-chunking condition at the 0-sec. reten- 
tion interval and by the maintenance of these 
differences as the forgetting curves for the 
three encoding technique conditions decay at 
roughly similar rates. 

The present experiments, then, have pro- 
vided at least some concrete indication that 
errors in short-term recall may be due not only 
to forgetting caused by inadequate rehearsal, 
for example, but also to inadequacies in the 
encoding process. "These two sources of error 
are independently manipulable through varia- 
tions in encoding instructions and stimulus 
presentation rate. Further research should 
allow, under varying experimental conditions, 
more precise determination of the relative 
contributions of forgetting and encoding pro- 
cess inadequacies to errors in recall. 
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imuli ine in i ^u eps i r 'sically 
Four separate sets of form stimuli varying in interv al steps along a physically 


unfamiliar form at the other extreme. 


defined shape continuum were developed for use in the experiment. 
continua extended from a familiar form ( 
The 0 
of one of the form continua, paired with the verbal label which was appropriate 
for the familiar end of that continuum (e.g., “duck’’). 


The 
, a duck) at one extreme to an 
vere presented with the midpoint 


og 


The retention test, à 


ad single-stimulus recognition memory task employing the midpoint and all 


ther variations from the selected form 


t, was given immediately, or after a 


delay of 5 min., 20 min., or 2 days. The introduction of temporal delay pro- 

. duced significant shifts in recognition memory gradients in the direction of the 
familiar form suggested by the verbal label. Verbal labels may have important 
effects on the storage stage of memory for form. 


Do verbal labels affect the direction of 
changes in memory for visually presented 
form stimuli? The answer to this question 
differs depending upon whether a repro- 
duction or a recognition memory task is 
employed to assess such changes. It has 
been shown that learning to associate 
verbal labels with form stimuli results in 
superior recognition memory performance 
(e.g., Ellis, 1968; Ellis & Daniel, 1971) and 
that, generally, reproduction memory is 
inferior to recognition memory for form 
(Rock & Englestein, 1959). The differences 
between these two memory tasks, however, 
go beyond a simple comparison of the 
number of stimuli correctly remembered. 
Reproduction studies have reported rather 
consistently evidence for changes in the 
qualitative aspects of Ss' memory for form 
stimuli. Drawings of forms have been 
reported to err in the direction of a more 
— object suggested by a verbal label 
bel one ORA ee 

S£; Carmichael, Hogan, & 
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Walter, 1932). Recognition studies, even 
those specifically designed to uncover 
similar changes (e.g., Prentice, 1954), have 
characteristically failed to find evidence for 
such changes. 


There are a number of problems involved 
in regarding this apparent inconsistency 
in the data as genuine. The reproduction 
method requires the collection of drawings 
made from memory by Ss. As has been 
previously pointed out (e.g., Riley, 1962), 
it is virtually impossible to objectively 
assess the nature or extent of changes that 
may occur in such drawings. The rec- 
ognition method requires that a set of 
stimuli be constructed to serve as alter- 
natives to the target form in the memory 
test. Furthermore, in order to assess 
changes in memory, these alternatives must 
vary systematically along some as-yet 
undetermined dimension of shape. Prob- 
lems associated with the construction © 
suitable sets of alternative forms are largelY 
responsible for the failure of previous at- 
tempts to find clear evidence for verbal- 
label induced changes in recognition ment 
ory for form. B 

In recent years, a number of advances i? 
methodology have suggested a possible 
means of resolving the inconsistency i” 
findings regarding the effects of verb? 
labels on memory for form. In particular, 
aà procedure has recently been develope 
that provides a means of varying a for? 
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stimulus along a well-defined dimension of 
shape qua shape (Ellis & Feuge, 1966; 
Feuge & Ellis, 1969). By extending this 
procedure it was possible to investigate 
memory for visual form under conditions 
which, while allowing for the observation of 
the qualitative changes reported in repro- 
duction memory, at the same time made 
use of the objective response measures of a 
recognition task. In this instance, the 
method was applied to the investigation of 
the phenomenon of "assimilation" that 
was described by Gibson (1929) and elabo- 
rated upon by Carmichael et al. (1932). 

The experiment specifically tests the 
hypothesis that a representative verbal 
label, when associated with an ambiguous 
visual form stimulus, can affect the course 
of changes in recognition memory in a 
manner consistent with that typically found 
to occur in reproduction memory. Sets of 
form stimuli varying along a physically de- 
fined form continuum were constructed for 
use in the experiment. The forms were 
ordered on a directional continuum extend- 
ing from a highly meaningful, familiar 
shape at one extreme to a low meaningful, 
unfamiliar shape at the other extreme. 
Changes in memory for the target form, 
the midpoint form on the continuum, were 
assessed in terms of Ss’ tendency to accept 
Other forms on the continuum as the target 
form, Disproportionate acceptance of 
forms differing from the target form in the 
direction of the more meaningful endpoint, 
che referent object of the assigned. verbal 
abel, Would be taken as evidence of a 
i memory toward the form sug- 
by the label. 
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Size Were Selec Ten's coloring books. These draw- 
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Fic. 1. Object forms and variation stimuli employed 
in the recognition test. 


24 points, the point in each case serving as the origin. 
For each point on the circumference of the object 
stimulus a direction of distortion was chosen at 
random from among the four alternatives; vertical 
ive and negative (up-down) and horizontal 
positive and negative (left-right). 

The first variation. (V-1) was constructed by 
moving each of the 24 points à in. (.127 cm.) in the 
assigned direction and connecting the resulting 
new set of points in their original order (i.c., Point 1 
to Point 2, 2 to 3, etc.) to form a new 24-sided 
solid figure. The second variation (V-2) was deter- 
mined by moving the points on the object stimulus 
again, in the same direction, a distance of #5 in. 
(.254 em.) This procedure followed for the 
third variation, fourth, ete., until 11 such variations 
were obtained. The only restriction imposed on the 
otherwise random assignment of a direction of dis- 
tortion to cach point was that change thus intro- 
duced did not destroy the integrity of the figure. 
In some cases, for example, a change of $} in. 
(1.397 cm.) or less in a particular direction for a 
point might result in cutting the shape into two or 
more parts. When such an event occurred a new 
direction. was sampled from the three remaining 
possibilities for that point. This process was con- 
tinued until an acceptable series of variations was 
obtained. The four object stimuli and their respec- 
tive variation sets are presented in Fig. 1. 

The series of forms resulting from the variation of 
an object stimulus represents a continuum of forms 
spaced at equal intervals along a physically defined 
shape continuum. Direction along the continuum 
is defined in terms of the location of the object 
stimulus or the origin, from which the variations 
were constructed. Thus, V-6, the training stimulus, 
is equidistant from V-1 on one end and from the 
last variation; V-11, on the other. 

| pparatus.—A of the forms were photographed 
: parent slides. The 


35-wm 


a) heures aud Gite the 
extent of variation, ¢ N 1 to V-2, was held con- 
stant at du M, (AT em) w aW cases, Exposure 
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Vic. 2. Gradients of recognition memory at four 


levels of temporal delay. 


durations were controlled by a series of Hunter 
timers and relays. 

Subjects.—A total of 72 Ss were employed in the 
study. The Ss were all college students fulfilling a 
research participation requirement for an intro- 
ductory psychology class at the University of New 
Mexico. They were assigned at random in groups 
of three to the four experimental conditions. 

Experimental design.—The experiment consisted 
of four independent groups. The Ss were tested for 
memory either immediately after exposure to the 
training stimulus, or after a delay of 5 min., 20 min., 
or 2 days. Within-S variables were direction. (to- 


ward vs. away from the object stimulus) and distance 
lda, vm do, ao, and dg in.) from the aining stimulus 
(V-6). These variables were arranged factorially 


intoa 4xX2x5 analysis of variance design. 
Procedure.— The experiment was conducted in two 
stages, 


In the first stage (pretraining) Ss, run in 
groups of up to three ata time, were exposed to only 
one form and were instructed that a recognition 


memory test would follow immediately or after some 
period of time. 
single: 


Stage 2 of the experiment was a 
stimulus recognition memory test. A de- 
description of the procedure follows. 

training.—The Ss were seated approximately 
2m. from and facing a rear-projection screen. They 
were instructed that they would be given a brief 
period of time in which to inspect a form stimulus 
projected onto the screen and that their task was to 
remember that form. Complete instructions for the 
recognition test were given prior to the exposure of 
the form. The particular object stimulus set (DUCK, 
DOG, IEL; Or CAT) presented. for any three Ss 
Was selected at random from among the four sets 
that had been constructed. After Ss had been 
instructed as to the nature of the task, they were told 
that the form they were to see “resembled a E je 
and the form stimulus was exposed for 4.0 sec, In 
every case, the exposed form was V-6 from the ob- 
lect set selected and the verbal label given was that 
which was appropriate to the object stimulus of 
the set (e.g., DUCK). 


Recognition test. — 
a single-stimulus re 


The criterion tash employed was 


cognition test. The test stimuli, 
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consisting of the training form, V-6, and cach of the 
10 remaining variations from the appropriate object 
stimulus set were presented 1 at a time in a random 
order for 4.0 sec. separated by a 5.0-s i 
interval. In accord with a procedure described by 
Egan (1958), Ss were required to respond to each 
form by marking one category of a 6-point scale ex- 
tending from Positive Yes to Positive No. All Ss 
had been given a test sheet with the printed response 
scale prior to pretraining and had been instructed to 
use it to reflect their degree of belief that a test form 
was or was not exactly like the form they had been 
asked to remember. m . 
The test sheet consisted of four pages of identical 
printed response scales numbered from 1 to 36. The 
Ss were not told how many forms would be presented 
in the test nor how many actual targets (forms iden- 
tical to the one they were asked to remember) would 
be presented. Each of the 11 forms from the ap- 
propriate object stimulus set was presented once in 
the test sequence. The order of stimulus presenta- 
tion in the recognition test was randomized between 
subgroups of three Ss in each delay condition. The 
only exception to complete randomization of test 
stimulus order was that no form appeared more 
than once in the first position at any delay interval. 


^. response 


RESULTS 
Ruling responses. —For purposes of an- 
alysis a numerical. value was assigned. to 
each of the degree-of-belief categories. A 
value of 1 was assigned to the Positive No 
category, 2 to the Probably No category, 
ete., with the category Positive Yes being 
assigned a value of 6. Mean rating re- 
sponses for each test form at each level 
of delay are presented graphically in Fig. 2. 
Although the means for V-6, the training 
form, are represented it should be noted 
that only the mean ratings for the new 
variation forms were included in the 
analysis. No statistical analysis of the 
small differences in ratings of V-6 from onc 
delay condition to another was made. ‘The 
range was from 4.06 at the immediate 
test to 3.67 after the 2-day delay. 

A Delay X Direction X Distance 
alysis of variance was made of the rating 
data. Consistent with previous studies of 
recognition memory for form (e.g., Ellis & 
Daniel, 1971), the main effect of delay did 
not reach significance, F (3, 68) = 1.00, 
P 2.05. Main effects of both direction 
and distance of variation reached signifi- 
cance with F (1, 68) = 6.32, p < .05, and 
F (4, 272) = 40.77, p «01, 


an- 


respectively. 


s 


<4 


VERBAL LABELS AND THE STORAGE OF VISUAL FORMS 


Of the two-way interactions, only the 
Delay X Distance interaction reached sig- 
nificance, F (12, 272) = 1.86, p = 03; 

. With regard to the hypotheses discussed 
in the introduction of this article, the most 
interesting result of the analysis is repre- 
sented by the three-way Delay X Direc- 
tion X Distance interaction. This inter- 
action proved significant, / (12, 272) = 
2.01, p < .05, and the nature of this effect 
is evident in the graphs of mean rating 
responses presented in Fig. 2. Inspection 
of the four histograms reveals that while 
the overall ratings of new variations did 
not change as a result of the introduction 
of delay, the distribution of these responses 
was altered. There was a clear tendency 
for Ss tested immediately after presenta- 
tion of the training form to give higher 
ratings to variations that differed from 
the correct form in a direction away from 
the object stimulus. In effect, they ex- 
hibited a greater preference for forms more 
distorted from the object stimulus than was 
the training form they were asked to 
remember, ‘This tendency was completely 
reversed by the 2-day delay condition. 
When Ss were tested 2 days after presenta- 
tion of the training form (V-6), they 
tended to give relatively higher ratings to 
forms that varied from the training form 
in the direction of the object stimulus. 
lhe preference, then, shifted to forms that 
Were more like the object stimulus. 

The 5-min, and 20-min. delay conditions 
Showed an intermediate level of the shift 
"D rating response distribution that was 
Most apparent in the 2-day delay condition. 
s.—The method- 


Signal detection analy. l- 
?RY of the “theory of signal detectability 
i USD) has frequently been applied in 
vestigations of recognition memory 1n 
eet years. This methodology has heen 
-Decially useful in single-stimulus recogni- 
ri tests such as the one employed in this 
Periment since such tests are quite prone 
Whit’ affected by response-bias poo 
rating the observed pattern of S - 
have response gradients is unlikely e 
Par ig from bias effects gine e 
Aff. Oning of sensitivity and bias etes $ 
"led by the TSD analysis could prov idc 


ok 
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additional insight into the origin of the 
memory shifts. 

It was necessary in the present experi- 
ment to extend the TSD procedures be- 
yond the typical two-stimulus case, i.e., 
"old" (correct) and "new" (incorrect). 
In the present experiment there were in 
fact 10 qualitatively different new stimuli 
in the test and it was desirable to dis- 
tinguish among them in the analysis. 
Basically this was accomplished by con- 
sidering each new form (variation) sep- 
arately with the old training form. Other- 
wise, the procedure followed for the 
computation of “hit rates" (HRs) and 
“false-alarm rates" (FARs) exactly par- 
alleled that described by Hake and Rodwan 
(1966). 

Distance parameters, d’, ds,anddm (mean 
distance of the receiver operating charac- 
teristic from the major diagonal) were com- 
puted directly from the rating data by a 
procedure described by G. R. Grice in an 
unpublished laboratory note? Table 1 
presents the distance values computed for 
each variation in the test at each level of 
delay. No statistical analysis of differences 
in these parameters was made, as the 
sensitivity indices quite clearly reflected 
the shift in mean ratings depicted in Fig. 2. 
The effect of 2 days of delay was, in gen- 
eral, to increase FARs for variations toward 
the object stimulus while decreasing FARs 
for variations away from the object stimu- 
lus. Since the HRs in each case were essen- 
tially the same, the result was a shift over 
delay in the magnitude of the distance 
metrics. Generally there was a decrease in 
sensitivity to variations toward the object 
stimulus and an increase for those away 
from the object stimulus. 


DISCUSSION 


The most striking feature of the preceding 
experiment was the observed effect of tem- 
poral delay upon gradients of recognition 
memory for form. As a result of the presenta- 
tion of a verbal label and the introduction of 
delavs of up to 2 days. the distribution of rating 


ë Grice, G. R. Computations in the use of TSD. 
Unpublished laboratory note, 1968. Copies of this 
laboratory note are available from T. C. Daniel. 
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TABLE 1 
COMPUTED d', ds, AND dm VALUES FOR ALL VARIATIONS AT EACH LEVEL oF DELAY aa 
a Stimulus variation no, 
s i | "EN dd i D | ao | 
elay cond : . : | i | 3 p : x 
| | | 
| 
iniu | 2 8 
Di i 88 | 2.93 | 1.60 | .83 | .69| —48 | .08 T ia 
ds 139 | 1.71 | 142 78 10 | —48| 08 TAE 
k dm 2.41 1.39 1.34 77 -70 | —.49 | .09 E 
, He duy 5 1 | 238 
| Sun, delay 2.04 1.55 1.45 1.60 Si .65 1.10 | 1.28 : E or 
ds 1.33 1.48 1.16 1.50 .58 (2 | 1.26 LY r2 | "en 
dm 1.40 1.48 1.23 1.51 ES .62 1.20 | 1.20 
Ms ond 243 | 140 | 549 | 122 | —.09 | —.48 S] | 90 : 37 | Sa 
5 1.74 2.03 1.73 1.13 —.09 —.46 75 3 zoo 
= 1.46 327 1.23 1.09 —.13 — 42 59 72 1.47 4.05 
2-day dela E i i : 
i d' = 16 NE 60 A0 12 —.08 .92 92 54 me 
ds 1.16 1.13 55 ESI .09 | —.10 .82 .82 85 n 
dm 2.22 2.17 52 .50 11 —.20 1.67 1.64 1.19. 1.0; 


responses showed a pronounced shift toward 
a more meaningful form, in this case repre- 
sented by the object-stimulus referent of the 
verbal label. This observed shift in the dis- 
tribution of false recognitions occurred even 
though the overall level of performance, 
measured, either in terms of responses to the 
correct form or of the overall level of responses 
to incorrect forms, was unchanged 
data are consistent with findings that have 
characteristically been confined to reproduc- 
tion memory studies (e.g., Carmichael et al., 
1932). 

While these results principally point to the 
role of verbal labels in memory for form 
stimuli, it should be noted that the introduc- 
tion of the label very likely influenced Ss’ 
initial encoding of the form as well. Even 
without the explicit presentation of the verbal 
label, there is ample evidence (e.g., Ellis & 
Homan, 1968) that Ss would have provided 
their own labels to the form stimuli, labels 
Which would no doubt have been very similar 
to those provided by E. The focus of the 
present experiment was, however, upon the 
effect of the label on the storage stage of 
memory for the form with the influence of 
both encoding and retrieval factors minimized. 
Thus the observed shifts in recognition memory 
gradients provide evidence of changes taking 
place during the Storage stage of memory, 


particularly during what is generally termed 
long-term memory, 


Somewhat contrary 


- These 


to these findings, other 


recent investigations (Daniel & Ellis, 1972; 
Ellis & Daniel, 1971) have tended to empha- 
size the stability of long-term recognition 
memory for form stimuli. There are, however, 
several important differences in the pro- 
cedures employed in these previous studies 
and that used in the current onc. Both of the 
earlier experiments made use of a multiple- 
choice type of recognition test requiring 5$ 
to select the originally learned shape from à 
set of distractors; the principal focus being on 
Ss' ability to select the correct form. The 
present study employed a single-stimulus test 
that required Ss to judge independently 
Whether each shape was or was not the target 
form. This procedure allowed for assessment 
of Ss’ tendency to accept specific forms, pr- 
marily centering upon Ss’ tendency to accept 
incorrect forms. More important, the expert 
ments differ with regard to the nature of u 
distractors used in the recognition test. Bot? 
of the previous studies used random varia- 
tions of the target forms as distractors. I he 
experiment reported here used distractors 
Which varied systematically from the target 


form, Specifically in terms of their similarity 
to the referent object of the assigned verba 
label. 


If the results of the Daniel and Ellis (1972) 


and Ellis and Daniel (1971) experiments a 
considered along with the findings of th 
present 


] 5 ay be 
study, several conclusions may P 
drawn about the course of recognition s 
for form. First, all three experiments indica 


4 7n. 
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that. recognition memory, measured in terms 
of Ss tendency to select the target form, is 
quite stable over a rather extensive range of 
retention intervals. Analysis of the pattern of 
responses to incorrect forms, provided by the 
present experiment, revealed that important 
changes in memory are nonetheless occurring 
during the retention interval. These changes 
may be interpreted as shifts in the memory 
strength of forms similar to the target form. 
Specifically, alternative forms which differ 
from the target in the direction of being more 
similar to a form suggested by the verbal 
label associated with that target tend to gain 
in strength, while forms varying away from the 
form referred to by the label tend to lose in 
strength. The two previous studies could 
not have detected such changes as the use of 
random variations would make it highly un- 
likely that an alternative form would fit the 
assigned label better than the original form. 
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MEMORY SEARCH FOR CVC AND CCC TRIGRAMS ! 
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The Ss participated in 


sets were comprised of one or two CVC or CCC trigrams. 


a series of memory search tasks in which the memory 


In half of the 


imuli i Ss were aske indicate whether 
conditions the test stimuli were trigrams, and Ss were asked to indicate 


that trigram matched any trigram in the memory set. 


In the remaining 


imuli i N. ys were aske indicate 
conditions the test stimuli were single letters, and Ss were a ked to i 


whether that letter matched any letter in the memory set trigram (s). 
general, Ss were faster in matching trigrams. 


Finally, 


e but interacted strongly with response type (YES vs NO) 
* also faster when the memory sets were comprised of CVC trigramz. 
no interaction between this and any of the other experimental factors. 
"s generally were slower when the type of comparison which they 
accomplished (letter or trigram) varied randomly over a series of trials. 
effect was also independent of memory 


In 
endent ol 
o). The 


This effect was inde 


This 
set size but interacted with response 


type and comparison type. These data were interpreted in terms of informa- 
tion-processing stages according to S. Sternberg's additive factor method. 


Recent theories of information processing 
in recognition tasks have postulated a 
sequence of stages. Sternberg (1969) has 
offered both a methodology for investigat- 
ing information-processing stages and a 
theoretical description of such stages in one 
type of recognition experiment, the memory 
search experiment. In a memory search 
experiment, a memory set consisting of a 
short list of stimuli is learned prior to the 
presentation of a test stimulus. The S's 
task is to decide whether or not the test 
stimulus is a member of the memory set 
and to make an appropriate response. 

The methodology (additive factor 
method) proposed by Sternberg (1969) pre- 
sumes that total reaction time (RT) in 
recognition tasks is composed of the sum 
of the times to complete a sequence of 
information-processing Stages. The addi- 
tive factor method can be conceived of as a 
technique for isolating the components of 
total RT. The basic notion is that when 
two or more factors are manipulated in a 
recognition task, if they are mediated at a 
single information-processing stage, their 
Joint effect on mean RT would very likely 


. ! The present research was supported by Researe 
Grant MH 1870201 and MH 19863-01 from thc 
National Institute of Mental Health. 

.* Requests for reprints should be se. 
E: Checkosky, Department of P. 


nt to Stephen 
Forest College, Lake Forest, Ilinois 


ychology, | awake 
60045, 


be some sort of interaction. If they are 
mediated at separate independent stages: 
their joint effect on mean RT should be 
additive. 

The theory of proce 
sear 


ng in a memory 
ch task offered by Sternberg (1969) 15 
cast in the form of a description of opera- 
tions at various information-processing 
stages. The stages so described were 
isolated in a series of memory search €x- 
periments which were analyzed and inter 
preted according to the additive facto 
method. Central to this theory is a COT 
tention that the increase in RT for each 
unit increase in the number of items in ea 
memory set (M) reflects the time m 
quired to compare a representation of t E 
test stimulus with an item in memory- ar- 
puzzling feature of these comparison OP‘ 

ations is that they are presumed not. “al 
terminate when a match is encounter: 
oper 


Instead, S continues his comparison ie 
tions until the test stimulus has been his 
pared with each memory-set item. el 
"exhaustive" processing of the memor. 
items is inferred from the independence 
the effects of A7 


à and response type- 
parisons termin; 


a 

tted upon the detection 9 
match, the effect of M would be hal * 

large for vs than for No responses. - 

In order to account for the evidence e 

sesting exhaustive processing of the meg 
ory-set items, Sternberg (1969) prop? 
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that S receives no immediate feedback as to 
the outcome of each individual comparison. 
In order to evaluate whether or not a match 
has been encountered an additional opera- 
tion (register examination) is required. 
llowever, switching from comparison to 
register-examination operations takes con- 
siderably longer than the time required to 
complete an additional comparison opera- 
tion. Thus an economy is provided by 
minimizing the number of times register 
examination takes place per trial. This 
can be accomplished by completing all Z 
comparisons, followed by a single register 
examination. 

The major purpose of the present experi- 
ment was to provide a test of Sternberg's 
(1969) exhaustive comparison and register- 
examination theory. The test was pro- 
vided by varying M along with another 
factor which is presumed to influence 
comparison time. This factor is the type 
of comparison that S was asked to ac- 
complish (C). The memory sets in the 
present experiment were comprised of 
letter trigrams. The two comparison types 
Were trigram comparison and letter com- 
Parison. In the trigram comparison con- 
ditions the test stimulus was a trigram, and 
5 was asked to respond yes if that trigram 
Matched any trigram in the memory set. 
In the letter comparison conditions the 
test stimulus was a single letter, and S was 
asked to respond yes if that letter matched 
a letter in any of the memory-set trigrams. 
here were either 1 or 2 trigrams in the 
Memory set, The expected source of the 
:X M interaction can be derived quite 
Simply. Should an effect of the C factor 
“Merge, and be attributable to comparison 
°Perations, then the magnitude of tie 
ni would be greater yim M t i 

Mparisons) than when M = ! (1 co! 
Parison). 

Second purpose of the present Oper 
vuv e nce te let po 
Stimuli now ibd wes (1971) using 
* Same. E s and Blecker E aa oak 
i stiti different matching task n erg 
neg, ot CVC trigrams low in meaning fa 
€g., BIF) were matched considerab y 
Msec.) meaningful 


Men 


(16 


low 


faster than 
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CCV trigrams (e.g., BFI). In half of the 
conditions of the present experiment, the 
memory sets were comprised of CVC 
trigrams. In the remaining conditions, 
the memory sets were comprised of CCC 
trigrams. Test stimulus trigrams in the 
CVC conditions were all CVCs. Test 
stimulus trigrams in the CCC conditions 
were all CCCs. If an effect of pronounce- 
ability were exclusively due to the time to 
form a memorial representation of (encode) 
the test stimulus, then there should be no I? 
effect when the test stimulus was a single 
letter. If P influenced the time to process 
each memory set item, then the magnitude 
of the P effect would be greater at M = 2 
than M = 1. 

A third purpose of the present experi- 
ment was to localize the source of any 
adjustments to variations in comparison 
type expectancy (E). In half of the condi- 
tions (pure conditions), the comparison 
type (trigram or letter) remained constant 
through a series of trials. Thus S knew 
prior to each trial what type of comparison 
was required on that trial. In the remain- 
ing conditions (mixed conditions) the type 
of comparison was varied randomly over a 
series of trials. Thus S could not know 
what type of comparison was required 
until the test stimulus appeared (and the 
RT clock had begun). Again in accord 
with the additive factor method, localiza- 
tion of the E effect would depend on the 
interactions between E and the remaining 
experimental factors. 


METHOD 


Subjects. Twelve right-handed female under- 
graduates of Lake Forest College volunteered to 
participate as Ss. These Ss were paid for their 
services. 

Apparatus.—Stimuli were presented in three in- 
line displays (Lehigh Valley Standard Pattern No. 
700, 701, and 702) which were arranged horizontally. 
Each display was circular with a diameter of 1 in. 
The horizontal distance between the center of a 
pair of displays was 1$ in. Stimuli were uppercase 
white letters which were constructed for lines of iin. 
thickness. The preexposure field, pe "stexposure held, 
and the background field were all a uniform black. 
The displays were set in à > X 3 ft. wooden frame 
which was painted brown. The index lingers 
rested on metal keys which activated a microswitch. 
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Reaction times were measured on a Beckman Uni- 
versal EPUT and Timer (Model 5230) which was 
set to be accurate to the nearest the sec. A set of 
lights on E's panel indicated S's response. The 
sequence of ready signal, presentation, and reset 
was controlled by a Lafayette Instrument Co. eight 
bank timer (Model 5431A). Errors and RT were 
manually recorded. p 

Design,—Each S participated in the experiment 
for 6 days. On each day, S would receive six blocks 
of trials. Four blocks (24 trials each) resulted from 
a combination of two values of memory-set s 
(one vs. two trigrams) and two comparison typ 
(single-letter match vs. trigram match). In the 
two remaining blocks (48 trials each), the type of 
comparison required was varied randomly over 
trials. In one of these blocks M = 1 trigram, and 
in the other M — 2. Six practice trials preceded 
each block. The same trigram would comprise the 
memory set at all three M = 1 conditions on a given 
day. The same pair of trigrams would comprise the 
memory set at all three M = 
day. On alternate da S's memory sets would 
be comprised of CVC and CCC trigrams, The 
order of presentation of the six blocks of trials was 
counterbalanced for each S over the 6 days. 
Further, this order was counterbalanced over the 
12 on each day. On half of the trials in each 
block a YES response was correct 
trials a NO response was correct. The sequence of 
trials was arranged so that the probability that a 
test stimulus was a member of the memory se 
Trial n — 1 was independent of its me 
Trial 7. 


conditions on a given 


; on the remaining 


t on 
mbership on 


Stimuli.—The CVC trigrams employed as mem- 
ory-set members in this experiment were RIC, JUB, 
and FET (M = 1 conditions), also KAB and POM, 
FAS and BIP, KOD and TUP (M = 2 conditions). The 
CCC trigrams were RMC, JRB, and FWT (M = 1 
conditions), also KHB and PLM, FHS and BMP, KLD 
and TRP (M = 2 conditions). Each of these trigrams 
was a memory-set member for each of the Ss on one 
experimental day.* 

Test stimuli in the trigram-match conditions which 
required a NO response always had two letters in 
common with one memory-set trigram. 
tive position of these letter: 
ponded to their relative position in the memory-set 
trigram. For example, if the memory set was 
comprised of the trigrams Kap and POM, a test 


The rela- 
on the screen corres- 


* The stimuli in the Present experiment were not 
counterbalanced over the M = 1 and M = 2 con- 
ditions. In order to evaluate whether the stimuli 
in these conditions were equal in difficulty, a separate 
experiment was conducted. Twelve Ss received 
cach of the nine CVC and CCC stimuli in M = 1 
trigram-match conditions (24 trials/block) on 2 
Successive days in counterbalanced order, The re- 
sults of this experiment showed no Significant dif- 
ference in RT between stimuli employed in the 
M — 1 conditions of the main experiment (480 


msec.) and those em dloyed in the M = ione 
(484 mei ployed in the 2 conditions 
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stimulus such as FOM might appear, but never MOF 
(letter positions do not correspond) or KOM (letters 
shared with more than one memory-set Tinea 
In addition, when the memory set was comprisec 
of CVCs, all test stimuli in the trigram-match con- 
ditions were CVCs. When the memory set was 
comprised of CCCs, all test stimuli in the trigram- 
match conditions were CCCs. f 

Test stimuli in the letter-match conditions which 
required a YES response all i ed in the == 
relative position on the displ n the memor 
trigram. For example, if K ind POM compr ised 
the memory set and K appeared as a test ee 
it would appear in the left inline display; M van. 
appear on the right. When the memory set wa 
comprised of CVCs all letters which appeared in 
the middle screen were vowels. When CCCs com- 
prised the memory set, all letters which appeared in 
the middle screen were consonants. On exactly one- 
third of the trials in each block in the letter-mateh 
condition, the test stimulus would appe: rin the 
left display. On exactly one-half of thes trials the 
test stimulus would match a memory-set letter. The 
same was true of the center and right displays. — In 
the trigram-match conditions, when a No response 
was required, on exactly one-third of the trials it was 
the letter on the left display which failed to match. 
On one-third of the trials it was the letter in the 
center, and on one-third of the trials it was the 
letter on the right. 

Procedure.—'| 


The S was seated directly in front of 
the display with her index fingers resting lightly on 
the metal keys. The trigram (s). which comprised 
a memory set were printed on an index card by £ 
and placed in front of S while instructions as to 
S-R gnments were verbally given. Half of the 
Ss were instructed to respond yes by depressing the 
right-hand switch; for the remaining Ss these 1m- 
structions were reversed. The Ss were encouraged 
to strive more for accuracy than speed. After each 
correct response, S was told her RT to the nearest 
tbs sec. 


RESULTS 


Days 1 and 2 were considered as practice 
in order toallow Ss to become more familiat 
with the tasks and to give time for RTs S 
stabilize. The mean correct reaction time 
for each of the experimental conditions 
was computed for Days 3-6. An analys!® 
of variance was performed on these data: 
The design of this analysis wasa 2 X 2 X ^ 
X 2 X 2 factorial with all of the factors 
within S. The five factors in the present 
experiment were: comparison type qu 
trigram versus letter; memory-set ae 
(M), 1 versus 2 trigrams; pronounceabili 
(P), CVC versus CCC; comparison tyP* 


expectancy (E), pure versus mixed; T° 


¢ 
À 
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TABLE 1 


Meras Cornece Reaction Time (RT) (iN Msec.) AND PERCENT Errors (C E) 


CVC trigrams in memory | CCC trigrams in memory 
Comparison e: “ih " de x! 
and response M Pure condition Mixed condition Pure condition Mixed condition 
| rt | «E | RT | %E RT %E RT pe 
Trigram | | | 
YES 1 372 2,8 394 | 7 396 1.4 45 | 14 
2 439 8.3 453 53 | 462 42 | 469 | 5.9 
| | 
| | | 
No 1 120 2.8 am | 445 35 | 495 | 3.5 
2 sot | 62 | 52 524 38 | 548 9.7 
Letter | | | 
ves L 4 412. | 35 | 438 52 gis | $8 446 5.2 
| 2 478 | 83 486 9.7 478 13.5 514 141.5 
| | | | 
| | | ” 1 
xo i | 460 | 35 | 456 24 470 31 | 469 2.8 
2 | 518 | 45 518 42 533 5.6 538 5.6 
— | pin Nu pem zd uses 
Note, —M. = number of items in the memory set. 
sponse type (R), YES versus NO. The per- msec., for NO responses, 64 msec. The 
M XR interaction was not significant, 


centage of times that S made an incorrect 
response was also calculated at each level 
of the above factors. Table 1 presents 
mean RT and error percentage for each 
combination of the experimental factors. 
When the memory set was comprised of 
CVC trigrams Ss were 17 msec. faster than 
when the memory set was comprised of 
This difference was sig- 


CCC trigrams. TI 
TS 


nificant, F (1, 11) = 12.1, p < 01. 
Magnitude of the P effect was greater when 
the test stimulus was a trigram (22 msec.) 
than when the test stimulus was a single 
etter (13 msec.). The P X € interaction, 
though large relative to the main effect of 
' Was not significant, / G, 1 = 2.0, 
P 410. A z test was then performed in 
Order to determine whether there was à 
Significant P effect when the test stimulus 
bid a single letter. The resulting t (11) 
nts 2.18, p < .05, one-tailed. The P X M 
raction was clearly nonsignificant, P, 

= 3. The effect of P when M = 1 
;when M = 2 the effect was 
lign o No other interactions in te 
tiio experiment involving P were sig 
ant. 
hat the memory- 


vi P 
Se idence was obtained t 
ly processed. 


r ie grams were exhaustive : 
effect of Af for ves responses was Ó 


F (1, 11) 2.9. The overall effect of M 
(62 msec.) was highly significant, / (1, 11) 
= 256.1, p < .001, as was the overall effect 
of R (51 msec.), (1, 11) = 69.7, p < .001. 

In general, Ss were faster in the trigram 
comparison conditions. This difference 
(19 msec.) was significant, / (1, 11) = 10.2, 
p < 01. There was one reversal of this 
effect in the present experiment, in the 
mixed condition No responses. Here the 
trigram comparisons averaged 16 msec. 
slower than the letter comparisons. This 
reversal produced the following significant 
interactions: C XR, F (1, 11) = 59.1, 
p < 001; CZE F (1,11) = 88, p< 
025; and CX R X E, F (1, 11) = 18.3, 
p < .005. 

The overall effect of C when the memory 
set was comprised of a single trigram was 
20 msec. When the memory set was com- 
rised of two trigrams the C effect was 


P x d q 
18 msec. The € X AM interaction was not 
significant, F (1, 11) 2.1. There was, 


however, a singificant C X M X E inter- 
action, F (1, 11) =11.1, p< .01. The 
effect of C for NO responses in both the 
and mixed conditions was less at 


pure P ; . 
The interaction 


M = 2 than at M = 1. 
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resulted since the C effect was in opposite 
directions at these conditions. 


DISCUSSION 


Before addressing theories of the M effect, 
the locus of the C effect needs to be evaluated. 
Operationally, what is varied along with in- 
structions to .S is the number of elements in 
the display. This variable might be expected 
to influence only stimulus input operations. 
However there are two aspects of the present 
data which suggest that the obtained effect of 
C reflects comparison rather than stimulus 
input operations. First the trigram conditions 
were generally faster than the single-letter 
conditions. If the effect of C were exclusively 
at the stimulus input stage, the opposite result 
would be expected. Second, this factor pro- 
duced a large and significant interaction with 
response type. Again this would not be ex- 
pected if C influenced only stimulus input 
time. 

Given the evidence that the obtained effect 
of C reflects comparison operations, then the 
joint effect of C and other experimental factors 
can be evaluated in order to elucidate the 
nature of the operations at the comparison 
stage. There are two sources of data in the 
present experiment that are seriously in- 
consistent with Sternberg’s (1969) exhaustive 
comparison and register checking theory. 
First, this theory would predict that the ob- 
tained effect of C would be greater at M — 2 
than at M = 1. This did not obtain. Secon 
since S is presumed to wait until all compari- 
sons are completed before selecting a response, 
no C X Response Type interaction would be 
predicted. Yet this interaction was large and 
significant. Further, in the mixed conditions, 
the effect of C was in opposite directions for 
YES and wo responses. It is difficult to 
imagine how any variation of an exhaustive 
comparison and register checking theory of the 
M effect could account for these data. 

If M does not reflect comparison time what 
does it reflect? Checkosky (1971) has 
that A. reflects the time 
representation for each 
According to this view, ge 
* type of constructive operation which recent 
outflow" theories (Kolers, 1968; Neisser, 
1967) have postulated as being central to the 
F a neheni of recognition. Comparison 
Mec stimulus with these visual rep- 
aridis A E es subsequent to generation 

aracterized by self-terminating feature 


argued 
to generate a visual 
memory-set item. 
neration represents 
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testing. Exhaustive processing of the memory 
set items follows directly from this conception 
since comparison and hence response selection 
does not begin until generation is completed. 
Thus, in order to minimize errors, S would have 
to generate a representation of all of the mem- 
ory-set items. The overall independence of M 
and C would be expected since these factors 
influence separate stages. Finally, since com- 
parison operations are presumed to he self- 
terminating, the C X R interaction found m 
the present experiment is consistent with this 
theory (though not explicitly predicted). The 
major departure of the present data from the 
expectations of generation theory is reflected 
in the significant C XX M X E interaction. 
This implies that the effect of . was not 
consistent over the four conditions resulting 
from each combination of C and E. The effect 
of M was greatest in the pure trigram condi- 
tions (73 msec.) and least in the mixed trigram 
conditions (59 msec.). The processes respons- 
ible for these data are unclear. 

The second purpose of the present experi- 
ment was to "locate" the P effect in an informa- 
tion-processing sequence by analyzing the data 
in accordance with the additive factor method. 
One possibility is that P influences the time to 
form a memorial representation of (encode) 
the test stimulus. However, the expected 
P X C interaction did not emerge. Further 
there was a significant effect of P when the test 
stimulus was a single letter. From these data 
it can be concluded that the stimulus input 
stage is not the exclusive locus of the P effect. 
Further it remains unclear whether there 15 
any P effect at this stage. 

The independence of M and P suggests that 
memory processing time for trigrams in ? 
memory search task does not depend o" 
whether these trigrams can be readily organized 
into pronounceable units. This provides 
strong support for Sternberg's (1969) conten- 
tion that the functional memorial representa- 
tion of the memory-set items in a memor) 
search task is not the name (ie, auditory 
representation) of these items but instead ÎS 
some sort of visual representation. 

A third purpose of the 
was to evaluate the effect 
of the E effect varied widely across levels of ® 
mud Ke The resulting interactions argue 
strongly that J f the 
comparison sta 
data reveals th 
(39 msec.) for 
comparison 


iment 
present experimen 
The magnitude 


2 influences operations at 
ge. A closer examination of the 
at E produced its greatest effect 
the No responses in the trigram 
conditions. One admittedly ad 
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hoc approach to an account for these data 
would focus on interference provided by the 
two letters in the test stimulus trigram which 
match letters in the memory-set trigram (s). 
Perhaps the presence of matching letters in the 
test stimulus impairs performance most when 
there is prior uncertainty as to whether detect- 
ing such a match should result in à YES 
response, 

At the same time, E produced no effect for 
the No responses in the letter-comparison 
condition. ‘This absence of an E effect at a 
condition defined by a combination of CandR 
argues strongly that there is 10 adjustment to 
variations in F at any stage prior to the com- 
parison stage. If there were such an adjust- 
ment, it would have to manifest itself by 
an E effect at all levels of C and R. 
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SUBVOCAL ACTIVITY AND ACOUSTIC CONFUSIONS 


IN SHORT-TERM MEMORY! 


WILLIAM E. GLASSMAN ? 


University of Toronto, Ontario, Conada 


Research on the source of acoustic confusions in short-term memory has 
emphasized possible auditory and articulatory factors. Fhe present study 
examines the role of subvocal activity as the basis of an articulatory (spe c 
motor) mechanism. Forty-eight females served in an experiment manipulating 
degree of subvocalization (Minimizing) by a self-conditioning procedure ; degree 
of acoustic similarity of items was also varied, using a proactive-inhibition- 
release paradigm. Anal of overall recall showed significant Us 
Similarity and Trials X Similarity. Error analyses in izing 
affected the proportion of acoustic errors, while Similarity did not. The results 
were interpreted as suggesting that subvocal rehearsal produces acoustic 
confusions, but that minimizing activity may lead to encoding in other ways. 


Since the initial discovery by Conrad 
(1964) that patterns of errors in short-term 
memory (STM) resembled those in the 
perception of speech, there has been con- 
siderable interest in the source of these 
"acoustic" confusions? Much of the 
debate has centered on the relative im- 
portance of articulatory (Hintzman, 1967) 
and auditory (Sperling & Speelman, 1970) 
factors. According to the former hypoth- 
esis, the errors are due to items being 
stored as phonemes in an articulatory sys- 
tem, probably based on speech-motor 
activity. The auditory hypothesis attri- 
butes the errors to confusion of allophones 
in an auditory Storage system (in the case 
of visual presentation, there is an implied 
recoding process). As Wickelgren (1969) 
has noted, these hypotheses are not easily 
discriminable operationally, and previous 
arguments based on evidence from confu- 
Sion matrices have been inconclusive. 

a t ise n one wes supported by Grant APA 146 
om the Nationa sea ci anada ; 
OMHF 164 from the “Ontario Mei da and 
Foundation to Bennet B. Murdock, Jr., and by a 
National Research Council Postgraduate Fellowship 
to the author. The author wishes to express his 
appreciation to Bennet B. Murdock, Jr., for his 
guidance during the execution and reporting of this 


research, and to John C. Ogilvie for his advice on 
Statistica] matters, 


* Requests for reprints should be sent to William 
^. Glassman, Department of Psychology, Univer- 

sity of Toronto, Toronto 181, Ontario, Canada, 
he term is used hereafter to refer to the phe- 


nomenon, without i ji 
on, implying that the errors are 
acoustic in origin, g 2: 


Despite this seeming impasse, there has 
been considerable research on the role of 
articulation in producing acoustic con- 
fusions. Murray (1966), varying degree of 
vocalization at presentation, found that 
greater vocalization facilitated overall re- 
call but that as vocalization increased there 
was a corresponding increase in the pro- 
portion of acoustic errors. Later studies 
of articulation. have generally involved 
introduction of a competing response, it 
technique. developed by Murray (1967). 
Levy (1971) and Peterson and Johnson 
(1971) have used this method to minimize 
articulation at presentation. As Hintzman 
(1967) has noted, the level at which arti- 
culatory factors operate could either be 
central or involve peripheral (subvocal) 
speech-motor responses. The fact that the 
competing response method generally pro- 
duces a recall decrement (e.g., Peterson & 
Johnson, 1971) argues for either a peri 
pheral process, or possibly a central process 
which cannot go on independently of com 
peting speech activity. 

In a study using suppression (tongue 
held between teeth), Gumenik (1969) re- 
ported no difference in overall recall for 
restricted articulation as compared Ls 
silent reading. llowever, it is unclear 
whether there was a change in number © 
confusion errors between these conditions: 
This point, plus the possibility that the 
Suppression technique was ineffective 1" 
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inhibiting the relevent activity, makes 
interpretation of these data difficult. 

While the evidence suggests that vocal 
activity plays a role in the production of 
acoustic confusions, previous studies have 
not clearly established the nature of the 
underlying mechanism. With regard to the 
articulatory hypothesis of Hintzman (1967), 
the effects of a competing response may be 
interpreted as either suppressing formation 
of a peripheral encoding or interfering with 
an as yet undefined central process. Con- 
rad (1964) had originally suggested that 
acoustic errors might be due to rehearsal 
which is mediated by subvocalization, but 
undertook no effective test. Subvocaliza- 
tion consists of attenuated movements of 
the laryngeal muscles, and as such repre- 
sents a form of peripheral speech-motor 
activity. Since articulation clearly de- 
pends upon subvocal activity, all prior 
studies involving articulation of necessity 
also involved subvocalization, and one 
cannot determine from them the relative 
importance of the subvocal and overt re- 
sponses. Given this, it is desirable to 
examine the role of subvocal activity in 
the absence of overt responses. 

The meaning of subvocal activity, in 
terms of an articulatory hypothesis (Hintz- 
man, 1967), has not been clearly estab- 
lished. Most investigators have assumed 
that subvocalization is a form of speech 
(see review by Locke, 1970), which would 
imply its utility as a rehearsal mode. The 
Problem has been that while overt speech 
Activity (articulation, vocalization) must 
be accompanied by subvocal activity, there 
'S no logical necessity that speech-muscle 
activity in the absence of an overt response 
need represent a form of speech at all. 
lowever, recent evidence by Locke and 
Fehr (1970) supports the notion of sub- 
Vocal rehearsal as a form of speech. Given 

Ms, one can formulate hypotheses about 
the relation of subvocalization to the pro- 
‘Uction of acoustic confusions in STM. 
"Our possibilities seem to exist: (a) If 

tere is no meaningful relation, one would 
*Xpect no effect on performance of mani- 
ss ating subvocalization. — (bp 1f sub- 

alization mediates all STM, one would 
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expect a drop in overall recall when sub- 
vocalization is minimized. This would 
seem the suitable prediction on the basis of 
studies of degree of overt vocalization 
(Murray, 1966). (c) If subvocalization 
mediates all forms of encoding, but acoustic 
confusions occur only when it is used as a 
form of storage, then one might expect 
that minimizing subvocal activity would 
lead not only to a drop in overall recall 
(less efficient encoding) but also to a drop 
in proportion of acoustic errors (lower 
probability of subvocal storage). (d) If 
subvocalization represents the source of 
acoustic confusions, but is only one of 
several forms of storage in STM, then one 
would predict no drop in overall recall but a 
drop in the proportion of acoustic errors 
when subvocalization is minimized. This 
hypothesis would seem to be in accord 
with Shulman's (1971) notion of plasticity 
in STM. 

In order to test these hypotheses, one 
must measure subvocal activity without 
interfering with it. The only effective way 
to do this is by direct monitoring of speech 
muscle activity by electromyogram (EMG). 
It is desirable both to measure the normal 
pattern of activity and to vary it in accord 
with the test of the predictions. The 
present technique allows both measure- 
ment of ongoing activity and also manipu- 
lation of amount of activity by providing 
feedback for self-conditioning; hence, it 
allows a direct attack on the role of sub- 
vocalization as the source of acoustic errors. 
Since the focus is not on the possible role 
of auditory factors, visual presentation was 
used. Acoustic similarity of items was 
varied; in the high-similarity groups, items 
on paired trials were maximally similar, 
providing high interference, with “pro- 
active-inhibition (PI) release" (Wickens, 
1970) possible between pairs. Hence the 
experiment provides an examination of the 
relative roles of subvocal activity and 
acoustic similarity in the production of 
acoustic confusions. 


METHOD 


Subjects.—Vorty-eight females of college age 


served as Ss. Some were paid volunteers, while 
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TABLE 1 


ITEMS USED As RETENTION Task IN EXPERIMENT 


High similarity Low similarity 


Cat-Goal-Nab 
Cab-Bowl-Nap 


Rig-Hoe-Melt 
Sponge- Dash-Flec 


Dale-Dope- Taught Rope-Pit-Cute 
Pail-Dupe-Sought Test-Kin-Plum 
Mad-Bit-Slap Male-Slid 


Mat-Kit-Slab Swamp- 


others participated as part of the requirements for 
psychology courses at the University of Toronto. 
Design.—The Ss were either given training to 
minimize subvocalization or were simply told that 
their subvocal activity would be monitored. For the 
test, a. Brown-Peterson paradigm was used, with 
word triads as test items. All triads were balanced 
for Thorndike and Lorge frequency of occurrence. In 
the low-similarity conditions, items were randomly 
related; in the high-similarity conditions, items on 
paired trials were maximally acoustically 
with PI release possible between pairs (i. 
B’, C, C’). All of the Ss received a pr: 
digits and six test trials. Half of the Ss in cach sub- 
vocalization condition received high-similarity items, 
while half received low-similarity items. Each of 
six Ss in a cell received 1 of the 24 possible forward 
permutations of item order, randomly chosen. The 
whole design was replicated, yielding a 2 X 2 2 
X 6 X 6 factorial (Similarity X Minimizing X Rep- 
lications X Ss X Trials). (See Table 1 for items.) 
Apparatus, —Subvocal activity was recorded by 
9-mm. silver disc electrodes placed lateral to the 
voice box, with ground to either right earlobe or 
back of neck. (The technique is a modification of 
that used by Hardyck, Petrinovich, & Ellsworth, 
1966.) Amplification was through a Grass Model 
7 polygraph, using a Model 7P5 wide-band electro- 
encephalogram (EEG) integrator preamplifier, 
integrated over a .015-sec. time constant. Output 
was recorded on a chart recorder driven at 2.5 
mm /sec, with pen deflection representing 30 uv. ‘em. 
Feedback was provided by a buzzer connected to the 
polygraph output through a low-hysteresis Schmitt 
trigger; the triggering level was variable by E and 
set to match a visual criterion of bas -line pen de- 
flection (i.e., average amplitude for S at rest). 
se hen ak wee red ig 
i it TV, which monitored items 
presented by an IBM Selectric typewriter; the 
typewriter carriage had been masked for single-item 
presentation. A solenoid was used to advance the 
carriage for successive presentations and was con- 
trolled bya Diapilot that monitored blips prerecorded 
teed ae fe regarden. This procedure 
: GH all presentation and intertrial 
Meteo Initial recording of the tape was done 


aid of several Hunter 100C timers, 
Procedure The 


were told that the 


similar, 


ce trial of 


Ssin both Minimizing conditions 
experiment was concerned with 


GLASSMAN 


studying "the relationship of speech activity to 
various forms of thinking tasks." After an accom- 
modation period to get used to the apparatus, all 
of the Ss received preliminary tasks (reading, free 
recall lists) designed to provide base-line information 
on each S's subvocalizing; the ks were presented 
to Ss as part of the experiment, Those in the control 
groups went through all tasks without Æ comment: 
ing. Those in the Minimizing groups were trained 
to inhibit their subvocal activity in accordance with 
the feedback: A buzzer connected to the polygraph 
would sound whenever their subyocalization exceeded 
E's criterion. Those Ss who had been found to sub- 
vocalize during reading were given training on that 
task. Once 5 reached criterion, the next task was 
given, 

"or the actual task, each word triad was prese 
for 1.5 sec. over a TV monitor. During the 1 . 
retention interval, Ss were instructed to work on 
ligure analogies (similar to those on IQ tests) pro- 
vided, and then to try to recall the words when 
“Recall” appeared on the screen, Recall was written 
in answer booklets, arranged so that previous 
answers were not visible to .S. The recall interval 
was 20 ı with a warning signal 3 sec. before the 
next triad appeared. Hence, the ITI was approxi- 
mately 40 sec. The Ss in the Minimizing conditions 
were told to keep the buzzer from sounding from 
item presentation until recall. 


RESULTS 


Due to equipment trouble and failures of 
Ss to follow directions, data from 11 SS 
were discarded. The Ss in the four cells 
(Similarity X Minimizing) did not differ 
on either pretrial performance or. number 
of figure analogies completed. Recall was 
analyzed as correct/incorrect for each trial 
for each S (any error meant a trial was 
called incorrect), yieldinga2 X 2x 2X 6 
X 6 matrix with one binary observation 
per cell. An ANOVA was done using the 
analysis recommended by Murdock anc 
Ogilvie (1968). Since neither replications 
nor any of the interactions involving repli- 
cations were significant, all other analyses 
were done on a collapsed matrix, yielding 
a 2 X 2 design (Similarity X Minimizing) 
with 12 Ss per cell; trials (6) was a within~ 
factor. Mean probability of recall for ne 
four cells was as follows: HS, yés = Jr 
HIS, no = -61;LS, yes = 88; LS, no = on 
Similarity was highly significant, F (1, 44) 
= 25.74, p < .001, as was trials, F (5, 220) 
= 3.50, p < .005. The Similarity X Trials 
interaction was also significant, /^ (5, 220) 
= 2.28, p < 05. While the low-similaritY 
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condition showed essentially stable per- 
formance, the high-similarity group showed 
the zig-zag function typical of a PI- 
release paradigm (Wickens, 1970). In 
this case, however, PI buildup occurred 
over only a single trial (see Fig. 1). Neither 
Minimizing nor any of the interactions 
involving Minimizing approached signifi- 
cance. The finding that minimizing sub- 
vocal activity did not affect overall recall 
suggests that, if anything, the competing- 
response technique of minimizing "articu- 
lation" may produce interference as well as 
reduce subvocal rehearsal (cf. Peterson & 
Johnson, 1971). 

A detailed analysis of errors was also 
done. Since there were three words per 
trial, S could make from zero to three 
errors per trial. Errors were scored as 
omissions, intrusions, acoustic errors, trans- 


positions, and insertions (of extralist items). 
an error might be 
Trial 2 error consisting 


While in some cas 
scored twice (e.g. a 
of a Trial 1 word in a high-similarity con- 
dition would be both an intrusion and an 


acoustic error), only one error would be 


NEUTRAL- 


HIGH SIMILARITY 


3 4 5 6 
TRIAL 


Probability of correct recall. summed over 
(rat each point = 24.) 


Vit. i 


Minimizing. 


TABLE 2 


PROPORTIONS OF Acou 


: Similarity 
Minimizing | T 


cond. 7 ^ 
High Low | 
yes 66 (11) 40(5) | 48 
No. 84 (11) 0) | 83 
x |g 45 
Note.—1nu ch c ber of Ss on which cell mean is 


based is given in parenthe 


scored in the analysis (in the case above, 
an acoustic error). It was found that on 
[our trials, two in each of the low-similarity 
conditions, Ss had skipped a response, and 
reference to Æ comments on the subvocali- 
zation records showed that Ss may have 
failed to observe the items at presentation. 
These four trials were not scored as errors 
in the analysis below (although they were 
in the recall data). Since analysis of 
particular types of errors requires that S 
has made some error, and not all Ss did, 
tests were done using an incomplete-.V 
design for analysis of variance (Winer, 
1962), with Similarity and Minimizing 
conditions reviewed. The frequency of 
acoustic errors is the prime datum, With 
acoustic errors accounting for 58 of the 83 
errors. It might be argued that more 
acoustic errors would occur with material 
of high acoustic similarity, and also when 
subvocalization occurs. The tests (using 
square-root transformation on the raw 
data) support these predictions: Many 
more acoustic errors occurred with high- 
similarity items, / (1, 28) = 10.64, p < 
.005, and there also tended to be more 
when Ss were not trained to minimize sub- 
vocalizing, F (1, 28) = 6.73, p « .025. 
The finding that the number of acoustic 
confusions relates to similarity probably 
represents à confound, in that with high- 
similarity items there are more oppor- 
lunities for acoustic errors, relative to low- 
similarity items. A related question con- 
cerns the proportion of errors that are 
acoustic. lf subvocal activity represents 
the source of confusions, Minimizing should 
reduce this proportion. To examine this, 
a score, P (acoustic/error), was calculated 
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TABLE 3 


PROPORTIONS OF Acoustic Errors, OMITTING 
INTRUSIONS IN THE HIGH-SIMILARITY CONDITIONS 


Similarity 
Minimizing x 
cond. 
High Low | 
Yes 34 (8) 40(5  |.23 
No 71 (10) .80 (5) | 74 
x | 53 | a5 | 


Note.—Number of Ss on which cell means are based are 
given in parentheses. 


for each S, and then these scores were 
tested using an incomplete-N ANOVA ; the 
cell means and Ns are given in Table 2. 
Minimizing clearly affected the proportion 


of acoustic errors, F (1, 28) = 13.10, 
p <.005. Both Similarity and the 


Similarity X Minimizing interaction were 
weakly significant; for Similarity, F (1, 28) 
= 6.20, p < .05, and for the interaction, 
F (1, 28) = 4.82, which just passes the .05 
level. The interaction effect should be 
considered suspect, given its significance 
level, and the effect of Similarity may 
represent the same confound that is present 
in the test of frequency of acoustic con- 
fusions. The point here is not to deny the 
obvious effect of Similarity on recall but 
to note that the intrusion errors are 
ambiguous: They could imply temporal 
confusion as easily as acoustic confusion. 
If one considers only spurious acoustic 
errors—that is, cases in which S makes an 
acoustic error which does not consist of the 
previous item—the pattern is clearer. 
Table 3 gives the same data as Table 2 ex- 
cept that intrusions in the high-simil 
conditions have been omitted. Minimizing 
significantly affected the proportion of 
acoustic errors, F (1, 24) = 12.87, P < .005. 
Neither Similarity nor the Similarity X 
Minimizing interaction approached signifi- 
cance. "These error analyses suggest that 
while the difficulty of an STM task 


arity 


is 
affected by the similarity of items, the 
degree of acoustic confusion is determined 


by the degree of subvocalization. 
Beyond visual inspection of the poly- 


graph output, no analysis of subvocalization 
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recordings was done. While Ss in tto 
Minimizing conditions generally complied 
with feedback, activity occasionally ex- 
ceeded the criterion. In all cases, the 
average activity of minimizing Ss seemed 
to be below that of control Ss. 


DISCUSSION 


These data suggest that subvocal activity 
mediates the production of acoustic errors in 
STM. The ANOVA of overall recall revealed 
that Similarity had a strong effect, while 
Minimizing did not; the error analyses showed 
that Minimizing had a greater effect on the 
nature of errors than did Similarity. With 
regard to the alternate hypotheses discussed 
earlier, the results seem consistent with the 
fourth hypothesis, that is, that subvocalization 
represents only one of several forms of storage 
in STM, and minimizing subvocal activity 
can lead to a drop in acoustic errors without 
affecting overall recall, due to S shifting to 
another mode of storage. Before fully accept- 
ing this, one must consider a potential problem. 
It is not necessarily the case that this experi- 
ment is sensitive enough to discriminate be- 
tween. Hypotheses c and d, that is, to decide 
whether or not subvocal activity mediates all 
forms of encoding. Presumably, such a process 
would occur primarily at presentation, and 
hence would not be greatly affected by minimi- 
zing activity during the retention interval. 
Neither the criterion for minimizing nor the 
visual measurement of 
enough to rule out the 
activity was occurring. 
that future studies may clarify this question: 
at present one must allow that subvocal 
activity may mediate all forms of encoding- ] 

In summary, this study provides evidence for 
the role of subvocal activity in producing 
acoustic confusions in STM. In this regard. it 
supports the earlier suggestions of Conrat 
(1964) and Hintzman (1967) but goes further 
in specifying both the locus and general 
characteristics of the speech-motor mechanis™- 
While it does not rule out auditory factors 
(Sperling & Speelman, 1970), it does place the 
burden of proof on such an interpretation t° 
demonstrate acoustic er: 3 
subvocal activity. At present, the important 


E. ise 
questions seem to concern alternate modes © 
encoding, not altern 
errors, 


activity is sensitive 
possibility that such 
While it is hoped 


rors in the absence 


" ing 
ate means for product! E 


* 
I 
| 
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EFFECTS OF INTERPOLATED TASKS ON LATENCY AND 
ACCURACY OF INTRAMODAL AND CROSS-MODAIL. 


SHAPE RECOGNITION BY CHILDREN ! 


SUSANNA MILLAR? 


University of Oxford, Oxford, England 


Intramodal and cross-modal shape recognition by three 


age groups was tested 


under simultaneous inputs, unfilled delay, and two types of task-filled delays. 
Small but consistent differences between task-filled and unfilled delays were 


found for intravisual but not for intrahaptic recognition at all ages. E 
on cross-modal matches were inconsistent. 
task-filled delays only with visual interpolations. 


fects 
Preschool Ss showed effects of 
Visual-visual matches were 


more accurate and quicker than haptic-visual matches, but visual-haptic 


matches were neither more accurate, nor 


aster than haptic-haptic matches. 


The results are consistent with hypotheses of coding differences between modali- 


ties. It is argued that these could make cross-modal matches more liable to 


, changes in strategy and make them less efficient. 


The processes underlying matching in- 
formation within and across sensory moda- 
lities are not yet well understood, and the 
results to date are far from consistent. 
Some studies, for example, suggest that 
cross-modal errors merely reflect errors in 
the respective intramodal tasks (Cashdan, 
1968; Garvill & Molander, 1969— for 
adults; Milner & Bryant, 1970—for chil- 
dren; Rudel & Teuber, 1964, 1971). Others, 
however, show worse cross-modal than 
intramodal performance (Chase & Calfee, 
1969—for adults; Connolly & Jones, 1970 
for children ; Jones & Connolly, 1970; Kress 
& Cross, 1969; Legge, 1965; Rubinstein 
& Gruenberg, 1971). 

Expanding the concept and the measures 
of efficiency in matching may provide a 
vay of clarifying the underlying processes. 
Most studies, for example, have used 
measures of accuracy only.  Latencies 
might provide additional information, es- 
pecially for the conditio. 
matching where accuracy is often at ceiling 
level. In addition, most studies use mea- 
sures obtained under conditions of simul- 
taneous or near-simultaneous exploration 
of standard and comparison. Milner and 
Bryant (1970), however, have Suggested 
Socal Sines Reset Ce A Bran from the 
à esea incil which is gratefully 
acknowledged. 

ae pe poma should be sent to S. Millar, 
Parks Road. Grind et NE : Sy Gold, South 
" XE i , England. 


n of visual-visual 


that cross-modal are greater than 
intramodal errors only when matching is 
delayed, and three studies have reported 
interactions between modalities and activi- 
ties during the delay period (Goodnow, 
1971; Jones & Connolly, 1970; Posner, 
1967). "These latter studies all point to the 
possibility of differences between modalities 
in retention or coding characteristics, al- 
though the nature of the difference varies 
from study to study. Posner, for instance. 
proposed a general difference between visual 
and kinesthetic judgments in coding prop- 
erties, on the grounds that task-filled delays 
affect. visual but not kinesthetic judg- 
ments of distance. Goodnow suggested a 
similar difference hetween vision and active 
touch, with the latter more likely to be 
disturbed by an increase in the number of 
comparison objects. She also proposed 
that some differences may stem from more 
effective retention or retrieval of visua 
standards. In contrast, Connolly and 
Jones (1970) have emphasized the response 
modality. Their model assumes that inp"! 
information is translated into the response 
modality prior to being held in modality” 
specific short-term stores. If the mode! 
holds generally, effects of task-filled delays 
on the response modality should be fount 
for haptic (active touch) and visual cross 
modal performance. 

As the nature 


errors 


x ta ol 
of coding or the effect 
Bn 4. * re 
delay emerges as a critical variable, not 
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attention must be paid to the nature of any 
activity during the delay period. Brooks 
(1968), for example, suggested that visual 
recall hy adults may be more disturbed by 
visual than by verbal distraction. In 
addition, it becomes more important to 
study matching performances by children. 
With children, the nature of the distractor, 
and, in particular, the effect of a visual 
distractor may be especially clear, in the 
sense that children appear more likely 
than adults to rely heavily on visual coding. 
Such reliance has been suggested by Bruner 
(1966) and is in line with Conrad's (1971) 
report of relatively little acoustic coding 
by preschoolers and the results of several 
studies indicating that verbal coding is not 
necessary for accurate cross-modal match- 
ing (Davenport & Rogers, 1970; Millar, 
1971; Rudel & Teuber, 1964, 1971). Visual 
as well as verbal distractors should thus be 


used. 

The present study, therefore, compares 
latency and accuracy of visual and haptic 
intramodal and cross-modal matches by 
children of different ages under simul- 
taneous inputs (where accuracy 15 assumed 
to be highest), under unfilled delay, and 
With two types of distractors, to test three 
hypotheses that arise from pre iousfindin 
(a) Visual but not haptic matches di 
under task filled compared to unfilled de- 
lays; (b) Task-filled delays affect the re- 
sponse modality in cross-modal matches; 
(c) Preschoolers’ visual matches are dis- 
turbed more by visual than by verbal 


distractors. 


a 


Mieriiop AND DESIGN 


A matehing-to-sample task with three choice pe 
Was presented nag 4X? factorial design kie 
3 age groups, 4 interval conditions, and 4 modality 
(within-S) conditions as variables. i 

‘Age groups.—The Ss were 108 children trom ute 
Same urban catchment area: Group |, mean age 

Yr. 5 mo, (7 yr. 7 mo. to 9 yr. + mo.); Group a 
Mean age 6 yr. 0 mo. (5 yr. 4 mo. to 6 yr. 8 mo): 
2roup 3, mean age 3 yr- 11 mo. (3 yr. 0 mo. to ay 3 
6 mo), An equal number of boys and girls were 
Allocated randomly to the four interval conditions 
every age level. 

| Interval conditions. 


tion: © 
Eu Standard and compe 
sted at on separate 


(a) Simultaneous presentat- 
rison stimuli were pre- 


s rays. The 
the same time tra 
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other three interval conditions required delayed 
recognition. Standards were exposed for 5 sec., 
followed by 9-sec. delay which differed as follows: 
(b) Unfilled delay: The S simply waited through the 
(c) Digit repetition: Digit strings of lengths 
equal (and greater or less by one digit) to the S's 
digit span, were presented aurally and repeated by 
S during the delay. (d) Visual memory task: 
ng the delay the S viewed highly colored, com- 
plex cartoon-type pictures. Instructions implied, 
but did not state, that Ss might be tested on re- 
membering all details. No tests were given. 

Modality conditions. —Standard and choice items 
were presented either visually or haptically as 
follows: (a) visual-visual, (b) haptic-visual, (c) 
visual-haptic, (d) haptic-haptic. Modality con- 
ditions were run in blocks for each S, the order being 
counterbalanced across Ss and interval conditions. 

Stimuli—Stimuli were four sets of three white 

; nonsense shapes (2.5 X 2.5 X 1.3 cm.), 
described elsewhere (Millar, 1971). The order of 
sets was randomized across Ss, interval, and 
modality conditions. 

Each shape in a set served as standard twice 
(six responses). 

Apparatus.—Stimuli, mounted on metal pins to 
fit into spring contacts on black standard and choice 
trays, were exposed in a (43 X 51 X 30.5 em.) unit. 
Adjacent shuttered windows on the sloping front 
panel gave Ss unrestricted views of the standard 
(left) and choice (right) trays, respectively, in the 
appropriate conditions. The shutters were linked 
to solenoids, automatically activated by control 
circuits in a separate timing and programming unit. 
This also controlled cuing lights for Æ.  Tactual 
access was via two ved openings below the view- 
ing windows. Standards were presented on the left. 
Response was by lifting one of the three shapes by its 
pin from the choice (right) tray. (In visual condi- 
tions, stimuli were encased in transparent Perspex 
to prevent i idental cues when lifting the chosen 
stimulus.) Response latencies were recorded on a 
second timer connected to the apparatus. A 6-mm. 
lift was sufficient to break the circuit. 

Procedure—The S was seated at a comfortable 
viewing height with hands resting beside the stimu- 
lus trays. Trials with a cross, square, and circle 
were run to three errorless responses prior to each 
modality condition. The S was informed of changes. 
Simultaneous presentations were signaled by “look 
and find” ("'fecl-look and find" /“look-feel and find" " 
“feel and find"). In delay conditions, standards 
were signaled by “look” (“feel”); and matching, by 


“tind.” 


RESULTS 
Accuracy 
Overall results are presented in Table 1. 
Since accuracy varied considerably with 
age, correct responses were subjected to 
separate 4X4 (Interval Conditions X 
Modality, repeated measures) analyses of 
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TABLE 1 " sai 
ENCIES 3 SEC.) F a CT CE: 
Proportion Correct CHOICES (CHANCE = .33) AND MEAN LATENCIES (Loc SEC.) FOR en cr Cic 
Modality "mE. 
Visual-visual Haptic-visual | Visual-haptic Haptic-haptic à 
Age group and interval cond. : c: — red M 
Pi i Mea Proportion Mean | Proportion Mian. meate i latencies 
Veet") tees [ect] P | "et | 
2| | 
Group I: " " " 82 93 
ee MR 1.00 A2 .85 A45 61 .81 | 
1 [7 
oiled 92 ES 69 .62 80 | M a ee 
Filled-digit repetition 94 .55* Eo .60 oF 38 6 192 
Filled-visual memory 97 .56* .78 61 -71 t | 
è " E D 
ire"! 94 .59 .69 87 .68 .98 3S7 j 95 
d è E s [ 
PE ed 93 59 64 69 57 95 56 Py 
Filled-digit repetition .83* -67 AD .83* 61 39 56 30 
Filled-visual memory 93 54 1 .82 4 97 AT E 
Group 3: : 
Sim OUR .96 .89 EX 98 EDI 1.15 42 80 
Delayed 
Unfilled NA .92 38 81 32 87 .36 
Filled-digit repetition 56 87 33 87 E .83 EK] .02 
Filled-visual memory .49* .80 .35 .89 | 50 | 1.06 38 1.20 


Note.—Age range = 7 yr. and 9 mo. to 
for Groups 1, 2, and 3, respectively, 
* Different from unfilled delay (p< .05). 


9 yr. and 4 mo., 


variance for the three groups. Results, 
followed by ¢ tests of the comparisons be- 
tween unfilled and task-filled delays that 
test the three experimental hypotheses, are 
set out below. 

Group 1. (7 yr. 7 mo.-9 yr. 4 mo.).— 
Visual-visual accuracy was at ceiling level, 
Excluding these scores, modality, F (2, 88) 
= 3.65, p < .05, was a significant effect, 
due to less accurate visual-haptic than 
haptic-haptic matches (b < .05 on New- 
man-Keuls tests). Lower visual-haptic 
Scores occurred mainly with simultaneous 
inputs and digit repetition, but neither 
differed significantly from unfilled delay, 
Haptic-visual and haptic-haptic matches 
did not differ. The overall picture was of 
lower scores on one of the cross-modal 
compared to either of the intramodal 
matches, and highly accurate visual-visual 
performance, 

Not Surprisingly in view of their high 
accuracy, visual-visual matches did not 
differ between task-filled and unfilled de- 
lays. As expected, haptic-haptic Matches 


did not differ between conditions, How- 


5 yr. and 4 mo. to 6 yr. and 8 mo,, 


3 yr and 0 mo, to 4 yr. and 6 mo. 


ever, haptic-visual matches showed no 
differences either, If anything, the ten- 
dency was in the opposite direction to that 
predicted on Connolly and Jones! (1970) 
model: The difference between digit repeti- 
tion and unfilled delay for visual-haptic 
matches was just below significance level 
on a two-tailed / test, 

Group 2 (5 yr, 4 mo.-6 yr. 8 mo) 
Modality, # (3, 132) = 39.3, p < .001, was 
the only significant effect, This meant 
that visual-visual matches were signifi- 
cantly more accurate than all others 
(P < .01 on Newman-Keuls tests). I he 
two cross-modal matches did not differ 


+ thnntie 
from each other or from haptic-hapt 
matches, 


On ¢ tests, visual 
significantly 
repetition ( 
matches did 
lHaptic-visua 
not significar 
repetition, 

Group 3 
Interval 


"visual matches were 

less accurate under digit 
P < 05), while haptic-hapti© 
not differ on any comparison 
l matches were somewhat bu 
itly less accurate under digit 


G yr. 0 mo~t yr. 6 uri 
conditions, P (3, 44) = 3.79 
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p «025; modality, 7 (3, 132) = 18.5, 
p «001; and an Interval Conditions X 
Modality interaction, 7 (9, 132) — 2.83, 
b «€ .01; were significant effects. Interval 
conditions were significant only for visual- 
visual matches, p < .001 (simple effects). 
Simultaneous inputs produced better 
matches than unfilled delay, p < -01, and 
above chance cross-modal scores, $ e JO, 
However, visual-haptic matches were above 
chance (p < .01) also in at least one delay 
condition (visual task). Thus delay did 
not seem to penalize cross-modal perfor- 
aptic-haptic and cross- 


mance specifically. H 
not diller from each 


modal matches. did 
other. 

The significant modality and interaction 
effects meant. that visual-visual matches 
were superior to all others, but only with 
simultaneous inputs, P. < .001, and unfilled 
delay, p < .001 (simple effects), not under 
task-filled conditions; thus showing an 
effect of the latter. 

On / tests, visual-visual matches were 
significantly less accurate only under visual 
tasks compared to unfilled delay (p < .05); 
the difference for digit repetition was not 
significant. Haptic-haptic matches did not 
differ; neither did haptic-visual (or visual- 
haptic) matches. 


Latencies 

Latencies (log seconds) for correct re- 
sponses are shown in Table 1. Since haptic 
recognition involved time-consuming man- 
ual exploration, latencies for matches 
requiring visual recognition and latencies 
for matches requiring haptic recognition 
were subjected to separate 4 X 2 (Interval 
Conditions X Modality of the Standard, 
repeated measures) analyses of variance. 
(Cells with 0 correct responses were sub- 
stituted by mean values, and degrees of 
freedom reduced accordingly ; Winer, 1962.) 
Results, followed by / tests of comparisons 
testing the three experimental hypotheses, 
are presented below for the two older 
groups. For Group 3 accuracy was too low 
in many matches for latencies to be 
meaningful. 

Group 1 (7 yr. 7 mo—9 yr. 4 mo.).- 
Analysis of visual-visual and haptic-visual 
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latencies showed modality of the standard, 
F (1, 44) = 30.62, p< .001 and an 
Interval Conditions X Modality of the 
Standard interaction, / (3, 44) = 6.12, 
p <.01, to be significant effects. This 
meant that visual-visual matches were 
faster than haptic-visual matches, but only 
with simultaneous inputs, P < .001, and 
unfilled delay, p < .01 (simple effects), 
not under either of the task-filled delays; 
thus showing an effect of the latter in the 
predicted direction. 

The 4 X 2 analysis of variance of visual- 
haptic and haptic-visual latencies did not 
show effects of either interval conditions or 
modality of the standard. 

Thus, while visual recognition was faster 
for visual than for haptic standards, except 
under task-filled delays, haptic recognition 
was no faster for visual than for haptic 
standards. 

The ¿ test comparisons confirmed that 
visual-visual matches were significantly 
slower under digit repetition, p < .05, and 
under visual tasks, p < .05, than under 
unfilled delays. As expected, haptic-haptic 
matches did not differ between conditions. 
Contrary to prediction,  haptic-visual 
matches did not differ between task- 
filled and unfilled delays. 

Group 2 (5 yr. 4 mo.—6 yr. 8 mo.).— 
Analysis of visual-visual and haptic-visual 
latencies showed significant effects of the 
modality of the standard, F (1, 42) — 74.18, 
p < 001, and of the interaction between 
interval conditions and modality of the 
standard, F (3.42) = 3.43, p < .05. The 
modality effect was due to faster visual- 
visual than haptic-visual matches. The 
interaction meant that interval conditions 
were significant only for haptic-visual 
matches, p < .001 (simple effect). 

Analysis of visual-haptic and haptic- 
haptic latencies showed no effects of 
interval conditions or modality of the 
standard. i 

Visual-visual matches were somewhat, 
but not significantly, slower under digit 
repetition than under unfilled delay. 
Haptic-haptic latencies did not differ. 
Haptic-visual latencies were significantly 
longer under digit repetition, p < .05, and 
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under visual tasks (not significant) than 
under unfilled delay. 


DISCUSSION AND CONCLUSION 

The pattern of intramodal and cross-modal 
scores was similar under simultaneous inputs 
and unfilled delays. Visual-haptic matches by 
Group 1 were somewhat less accurate and 
quicker, and their haptic-visual matches more 
accurate and slower than under unfilled delay. 
But differences were not significant. Unfilled 
delays did not penalize cross-modal matches 
as such. Only the youngest Ss were signifi- 
cantly more accurate with simultaneous inputs, 
hut mainly in visual-visual matches. At all 
ages, and in both conditions, visual-visual 
a hes were the most accurate, and haptic- 
haptic did not differ from cross-modal matches. 
This might merely mean that cross-modal 
matches were as accurate as the less dis- 
criminable of the two inputs (the haptic) 
»rmitted. Similarly, the significantly shorter 
visual-visual than haptic-visual latencies might 
ve due solely to better initial processing and 
quicker retrieval of visual than of haptic 
standards, as implied by Goodnow (1971). 
But if so, haptic recognition should also have 
een quicker for visual than for haptic 
dards. 
matches 
quicker 


stan- 
This was not the case, Visual-haptic 
were neither more accurate nor 
than haptic-haptic. — Cro: nodal 
matches were, therefore, less efficient than could 
e expected from the initial 
standard. 

To assess if coding differences between 
modalities might be implicated in less efficient 
cross-modal performance, evidence for the 
three. experimental hypotheses must be con- 
sidered. Effects of task-filled delays had been 
predicted for visual-visual, and none for 
haptic-haptic matches, Visual-visual matches 
by Group 1 were highly accurate but signifi- 
cantly slower under both task-filled delays ; 
Group 2 were gnificantly le accurate and 
somewhat slower under digit repetition ; Group 
3 were significantly less accurate unde 
tas The effects were small, 
in the predicted direction, and occurred at 
all ages. The null hypothesis of no effects on 
visual-visual matches should not, therefore, be 
accepted. Haptic-haptic matches did not 
differ in either accuracy or latency at any age, 
by ee eid af course, be disturbed 

y haptic po'ations. This needs Investi- 
gating. The findings here are consistent With 


the hypothesis that visual and haptic ree 
ton differ. On the 


processing of the 


r visual 
but consistent, 


f ogni- 
assumption that effects of 
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distractors are on processing or coding, this 
suggests coding differences. 

Results did not support the second hypoth- 
esis that task-filled delays consistently affect 
the response modality in cross-modal matches. 
Only Group 2 showed the predicted effect on 
haptic-visual matches. The oldest. Ss were, i 
anything, accurate in visual-haptic 
matches. Effects on eross- modal matches were 
thus not “fixed.” This is in line with a pre- 
vious result. (Millar, 1972) which showed that 
asymmetries in cross- modal errors can change 
with differences in utilizing  (amodal) 
information. M 

The significant decrement in preschool. Ss 
matches under visual task con- 
ditions only, is consistent with the third 
hypothesis. It might explain why their visual- 
visual matches were less accurate with delay : 
ual codes may be less efficient. l'or older 
Ss', digit repetition was equally or more effec- 
tive as a distractor, suggesting that intra- 
visual matches are not necessarily "sensory," 


less 


and that not only cross-modal mate les may 
need "associative links," as suggested by Chase 
and Calfee (1969), 

An alternative hypothesis is that cross-modal 
matches are limited by differences in dis- 
criminability and coding between modalities 
because these require extra decisions; for in- 
stance, on which of the two inputs to rely more, 
and whether to ignore added information from 
the "better" modality. The number and direc- 
tion of such decisions would depend not only 
on coding strategies available to Ss at diler- 
ent ages, but also on coding differences between 
modalities which are not age dependent: 
Cross-modal matches would thus be more 
liable to strategy chang This would ac- 
count for inconsistent. e ects of distractors: 
changes in asymmetries of errors. (Millar 
1972). possible criterion changes, and the ipe 
quently reported greater variability of EIOS 
modal performance. Moreover, extra decision? 
take time, thus explaining the relatively longe" 
ross-modal latencies found here, and in som! 
studies on adults (Chase & Calfee, 1969). E 

The present findings on the effects of ta 
tilled delays are suggestive rather than COn 
clusive, but they are consistent with the hy pot* 
esis that mod af 
Processing, 


alities may differ in coding 
j " E ) 
It is argued that this could | 
duce less efficient Cross-modal performance. 


ro- 
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TEST OF THE TOTAL-TIME HYPOTHESIS 
IN FREE-RECALL LEARNING ! 


LEO POSTMAN ? axb LINDA WARREN 


University of California, Berkeley 


A test of the total-time hypothesis in free-recall learning is reported. The 
hypothesis asserts that the amount recalled is determined by the e ep d 
tion time (TPT), regardless of list length (LL) and rate of presentation (RP). 
The purpose of the experiment was to verify the iidity of this principle and 
to examine some potential limitations on its operation. With TPT held con- 
stant at 60 scc., there were three conditions of presentation: (a) LL 20 and 
3-sec. RP; (b) LL 30 and 2-sec. RP; (c) LL 60 and 1-sec. RP. A first test of 


recall was given either immediately after a 
after an interval of 20 min. The first test 

study-test cycles. In accord with the hypoth 
first test was invariant across conditions after bot 


single presentation of the list or 
followed by two additional 
, the amount recalled on the 
h retention intervals, i.e., the 


operation of the principle was found to be independent of delay. After the 
first test, gains as a function of practice were related directly to LL. The 


longer the list the more new items were added on each test 


retention was essentially invari: 
divergence of the learning curv 
the amount of semantic and ass 


This study is concerned with the total- 
time hypothesis in free-recall learning. 
The hypothesis asserts that the amount 
recalled is determined by the total presenta- 
tion time (TPT), independently of the 
length of the list (LL) and the rate of 
presentation (RP) for individual items. 
As long as the product LL X RP is held 
constant, the number of items recalled is 
expected to be the same. This expectation 
was fully supported in an experiment by 
Murdock (1960) in which LL and RP were 
varied concomitantly while TPT remained 
unchanged. There were four combinations 
of LL and RP which yielded closely similar 
recall scores: 20-3 (a 20-word list presented 
at a rate of 3 sec. per item), 30-2, 40-1.5, 
and 60-1. In addition to the principle of 
recall invariance illustrated by these find- 
ings, Murdock (1960) advanced the hypoth- 
esis that the amount of recall is a linear 
function of TPT. We shall not consider 
further the latter hypothesis, which has 
been called into question by the results of 
subsequent investigations (Roberts, 1972; 
Waugh, 1967). Rather attention will be 

! This research was supported by Grant MH-12006 
from the National Institute of Mental Health, 
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Postman, Institute of Human Learning, University 
of California, Berkeley, California 94720. 


, although intertrial 


nt under the different treatments. The 
is attributed to the cov. 
ative overlap among individual items. 


ariation of LL and 


directed exclusively to the principle of 
recall invariance proper, which predicts 
equal recall for different combinations of 
LL and RP yielding the same TPT. 

Recent experimental evidence has cast 
doubt on the validity of the principle of 
recall invariance. Varying LL and RP 
factorially, Roberts (1972) failed to find 
equal recall for those conditions in his de- 
sign that were equated for TPT, Atagiven 
level of TPT, performance improved as LL 
and RP were increased concomitantly. As 
Roberts points out, the method of testing 
used by Murdock (1960) was not, strictly 
speaking, free recall since Ss were cued 
alphabetically. This procedural difference 
may be responsible for the discrepancy 10 
results; alphabetical cues may facilitate 
retrieval (cf. Earhard, 1967a, 1967D) and 
thus obscure differences between different 
combinations of LL and RP, On the other 
hand, Ss in Roberts’ study learned a tota 
of 480 lists (20 lists in each of 24 expert- 
mental sessions) which were all drawn fron 
the same pool of 500 words. ‘There were 
significant practice effects which interacte 
with both LL and RP. His conclusion? 
concerning the principle of recall invariance 
may, therefore, have limited generality: 
Thus, a further empirical test of the 
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principle, which is free of the complications 
of the previous studies, will be useful. 

The present experiment was designed 
not only to provide a further test of the 
principle of recall invariance but also to 
examine two potential limitations on its 
operation. One of the questions to be 
considered is whether the principle holds 
when recall is delayed rather than im- 
mediate. It is possible that on an im- 
mediate test, recall is the same for various 
combinations of LL and RP but that there 
are differences in item strength or list 
organization to which the test is not 
sensitive. Such differences should be 
brought out on a delayed test. 

The second question is whether the 
principle continues to operate beyond the 
first study-test cycle on a list. The rele- 
vant evidence so far is confined to single- 
trial free recall. If the predicted invariance 
is obtained after a single presentation, the 
implication is that the level of recall reflects 
directly the amount of processing time. On 
that assumption the number of items added 
after each subsequent presentation of the 
list should remain invariant as well, pro- 
vided performance is not differentially con- 
strained by ceiling effects. The ceiling of 
performance will, of course, be reached 
sooner on short than on long lists, so that 
the principle of invariance must eventually 
break down as practice continues. Apart 
from such inevitable artifacts of measure- 
ment, the question remains of whether we 
ability to add items to those carried een 
from the first. trial is determined entire y 
by the amount of processing time. Mes 
possibility of grouping temporally pe p 
or semantically related items may we x 
systematically influenced by both LL and 
RP. Such systematic effects should eae 
increasing importance as the number o 
available units must be expanded and 
consolidated. 

To permit a consideration of the ques- 
tions outlined above, the experimental pro- 
cedures included (a) concomitant varia- 
tion of LL and RP, (b) immediate and 
delayed tests of recall, and (c) continuation 
Of practice beyond a single study-test 
Cycle, 


METHOD 


. Design.— The experimental design comprised six 
independent groups representing the factorial 
combination of three conditions of list presentation 
and two retention intervals. The TPT was held 
constant at 60 sec. The conditions of presentation 
were: a 20-word list exposed at a rate of 3 sec. per 
item, a 30-word list exposed at a rate of 2 sec. per 
item, and a 60-word list exposed at a rate of 1 sec. 
per item. These treatments will be referred to as 
20-3, 30-2, and 60-1, respectively. The retention 
interval manipulated in the experiment was that 
between the first. presentation of the list and the 
first test of recall. That tes given either im- 
mediately or after 20 min. The first test was fol- 
lowed by two additional study-test cycles (with 
the test always given immediately after the presenta- 
tion of the list). 

Materia. The learning materials were two sets 
of 60 words chosen randomly from the 1,000 most 
common words in the Thorndike-Lorge count. 
The two sets of items were used equally often. In 
Cond. 60-1, a list consisted of an entire set. For 
purposes of constructing the lists for Cond. 20-3 and 
30-2, each set was divided into six groups of 10 
words each. Six different lists were then formed 
from a given set such that each 10-word group was 
used equally often, namely twice each for 20-3 
and three times each for 30-2. 

Procedure.—On study trials the words were pre- 
sented at the appropriate rate by a Carousel slide 
projector. On test trials 5s were given 3 min. to 
write down as many words as they could remember, 
in any order they wished. When the first test of 
recall was delayed, the retention interval was filled 
with work on a series of mathematical problems. 

Subjects.— There. were 24 Ss in each of the six 
s. The Ss were undergraduate students at the 
University of California who were not necessarily 
naive to verbal ning experiments. ignment 
to conditions was in 12 blocks, with 2 Ss per condi- 
tion in each block. The Ss were scheduled to be 
run in groups of 2; however, when only 1 Sappeared, 
he was run by himself and a second single 5 was run 
thereafter. The running order within blocks was 
determined by means of a table of random numbers. 
Within a block the same lists were always used for 
the immediate and the delayed conditions of testing. 


RESULTS 


First test of recall.—Table 1 shows the 
mean number of items recalled by each of 
the experimental groups on the first test of 
recall, On the immediate test there were 
only minor variations among the three con- 
ditions of list presentation. While there 
was a decline on the delayed test, the scores 
for the three types of list remained closely 
comparable. Thus, the expected invari- 
ance was observed after both retention 
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Frequency of recall 


Seria! position 


Fic. 1. Serial position curves for the three con- 
ditions of presentation on the immediate and the 
delayed test of recall. 


intervals. This conclusion was confirmed 
by the results of an analysis of variance. 
The F ratios for list and the List X Reten- 
tion Interval interaction were less than 
1.00. The overall difference between the 
immediate and the delayed test was signifi- 
cant, F (1, 138) = 60.55, p < .01. 

The serial position curves for the first 
test of recall are presented in Fig. 1. For 
purposes of smoothing the functions, run- 
ning averages were used in plotting the 
curves; that is, each point, except the first 
and last one, represents the average of the 


TABLE I 
SUMMARY OF MEAN RECALL SCORES 


Immediate test 


Delayed test 
Cond, — 


Trial 1 | Trial 2 Trial3 Trial 1. Trial J Trial 3 
20-3 | 10.46 | 15.17 17.38 7.00 | 13100 | 165 
lj S Bh " a 5.58 
Gort | 12 | 16.96 | 19/63 | 6.88 | 14.75 | 19:38 
60-1 | 11.21 | 21.00 | 24.83 | 7:46 | 19.75 | 2343 


— 


given position, the preceding one, and the 
succeeding one. On the immediate test 
there was a strong primacy effect under all 
conditions of list presentation. A recency 
effect was present only for Cond. 30-2 and 
60-1, but in both cases was less pronounced 
than the primacy effect? When Cond. 
30-2 and 60-1 are compared, the influence 
of recency relative to that of primacy ap 
pears to increase with LL. M hatever 
recency effects were present in immediate 
recall were entirely lost on the delayed test. 
This finding is in agreement with the results 
of earlier studies showing the terminal rise 
in the serial position curve to be transitory 
(Craik, 1970; Glanzer & Cunitz, 1966; 
Postman & Phillips, 1965). In the case ol 
the 20-item list, which did not yield a 
recency effect on the immediate test, the 
relative advantage of the initial over the 
terminal positions likewise showed some 
increase after a delay. 

The ratio B/B + E was used to evaluate 
the change in the serial position function 
over time, where B refers to the score for 
the five positions at the beginning of the 
list and Æ, to the score for the five positions 
at the end of the list. In the interest of 
obtaining stable measures, each group was 
divided into six composite Ss. The ratio 
for each composite S was derived from the 
recall scores of the individual Ss in two 
successive blocks (there were two Ss per con- 
dition in each block). The mean ratios on 
the immediate and the delayed test, respec- 
tively, were as follows: 20-3- .654 and 
713; 30-2-6530 and .860; 60-1—-.601 and 
737, The higher the ratio the greater 15 
the advantage of the initial over the ter- 
minal positions, Analysis of variance 
showed the increase in the ratio between the 
immediate and the delayed test to be signifi- 
cant, P^ (1, 30) = 14.78, p < 01. Neither 
the main effect of list nor the List X Re- 


“AN recency effect which is essentially independent 
of length of list has been observed with experience 


Ss (e.g, Murdock, 1962). In the present experimen! 
there were some increases in the recency effect on the 
subsequent test trial 


S, but these were neither pro- 
nounced nor regular, 


4 . . 
.*LLand RP were, of course, varied concomitantly- 
or Convenience of exposition, variations in per- 
ormance will be described as a function of IL. 
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tention Interval interaction was reliable, 
Fs (2, 30) — 1.76 and 1.42. 

The dominance of primacy over recency 
was reflected in the order of output. An 
index of the degree of dominance is pro- 
vided by the ratio B/E, where B and E 
refer to the numbers of Ss starting their 
recall with one of the five initial and one 
of the five terminal items, respectively. 
The ratios on the immediate test were 16/5 
for 20-3, 16/3 for 30-2, and 9/5 for 60-1. 
On the delayed test the corresponding 
values were 17/1, 15/1, and 6/1. It will 
be noted that in the recall of the longest 
list the B and E segments account for a 
smaller number of first responses than in 
the case of the two shorter ones. There 
were, of course, more words recalled from 
the beginning than from the end of the list, 
so that more B than Æ items would be 
expected to occur in any output position. 
It is likely, however, that the output bias 
contributed to the difference in the amount 
recalled (cf. Deese & Kaufman, 1957). Tt 
appears, then, that during their initial 
exposure to the list, Ss were disposed to 
rehearse the words in the order of presenta- 
tion and then to start their recall with items 
from the beginning of the list. The only 
substantial departure from this pattern 
occurred for the 60-item list whose length 
would make sustained rehearsal of the 
items in the order of their appearance 
difficult; the difference in serial position 
effects did not, however, disturb the in- 
variance in the total amounts recalled. As 
for the changes in the serial position curves 
after a delay, it is reasonable to suppose 
that the relative levels of retention of the 
B and Æ segments reflected differences in 
the amount of rehearsal during the input 
trial (Rundus, 1971; Rundus & Atkinson, 
1970). 

Gains as a function of practice. The 
mean numbers of items recalled on the 
second and third trials are presented in 
Table 1. The scores for the three condi- 
tions did not remain invariant after the 
first trial, at either retention interval. 
Rather, the amount of gain increased 
directly with LL, so that there were ap- 
preciable differences in performance on both 
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the second and third trials. Furthermore, 
there was rapid recovery from the losses 
produced by the interpolation of a retention 
interval between the initial presentation of 
the list and the first test trial. On the third 
trial, the scores under the immediate and 
the delayed treatment were closely similar. 

It is apparent that the measures of recall 
on List 20-3 may have been constrained by 
the approach to the ceiling of performance, 
especially on the third trial. The statistical 
evaluation of differential gains in perfor- 
mance, therefore, was limited to Cond. 30-2 
and 60-1, for both of which the amounts 
recalled remained well below the maximum. 
For these two conditions the main effects of 
both list and retention interval were signifi- 
cant at the .01 level in an analysis of the 
linear trend over trials, Fs (1, 92) = 23.71 
and 17.04. The interaction was not reli- 
able. Both main effects were also signifi- 
cant (p < .01) in an analysis of the 
quadratic component of the trend over 
trials, Fs (1, 92) — 8.02 and 10.94; the 
increases in recall showed a greater degree 
of negative acceleration for Cond. 60-1 
than 30-2, and under the delayed than the 
immediate treatment. 

Recall of old and new items.—For pur- 
poses of determining the source of the 
differences in the rate of improvement, the 
items in each .S's protocols for Trials 2 
and 3 were divided into three categories: 
CC (correct on both the preceding and the 
current test trial), CN (correct on the pre- 
ceding but not on the current trial), and 
NC (correct on the current but not on the 
preceding trial). These categories repre- 
sent retained, forgotten, and newly re- 
called items, respectively. The classifica- 
tion was exhaustive for Trial 2; in the case 
of Trial 3, the assignment to categories was 
with reference to Trial 2; and items were 
pooled without regard to their status on 
Trial 1. The mean numbers of items per 
S falling into each of the categories are 
shown in Table 2. The pattern was essen- 
tially the same on both trials: The CC values 
were closely similar for the three conditions ; 
however, both the CN and the NC mea- 
sures rose as a function of LL. Since the 
increases were substantially greater for 
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TABLE 2 


MEAN NUMBERS or [TEMS RETAINED, FORGOTTEN, AND NEWLY RECALLED ON TRIALS 2 AND E 


Immediate test 


Delayed test 


Cond. Trial 2 | Trial 3 | Trial 2 | Trial 3 
| — —— s BENE 
| al T T al 
cc | CN | NC | cc | ex | wc | cc CN ne | ce | Gy | xe 
| 5. | 746 29 
7 5 7 6 im | 43 
20-3 | 8.79 | 1.67 | 638 | 13.71 | 145 | 3.67 | 6.51 | AG | 746 4.29 
202 | 8.88 | 2.54 8.08 | 14.08 | 2.88 | 92 | 5.50 | 1.38 9 25 248 nS 
60-1 | 7.19 346 | 11.83 | 14.29 | 5.29 | 10.54 | 6.17 | 1.29 | 13.58 5. . 
Note—CC = retained; CN. = forgotten; NC. = newly recalled. 
NC than CN, the net improvement was between old and new respons but the 


directly related to length. Thus, the 
differential gains in performance are attrib- 
utable to the rate at which new items were 
added. 

In light of these findings, an attempt was 
made to determine whether Ss tended to 
treat previously recalled (old) and pre- 
viously not recalled (new) items as dis- 
tinct categories in output. To the extent 
that they did, the recall protocols should 
show categorical clustering when items 
are classified as CC and NC. The degree of 
such clustering was assessed for Trial 2, 
which permits a clear-cut differentiation 
between old and new items. The measure 
of clustering used was the z score difference 
between the observed and the expected 
number of runs in S's recall protocol 
(Frankel & Cole, 1971). The mean z 
Scores on the immediate and the delayed 
test, respectively, were: —1.29 and —1.57 
for 20-3; —1.61 and —.96 for 30-2; —1.12 
and —1.03 for 60-1. The differences among 
groups were relatively small and irregul 
In each case the negative sig 
z score indicates the 


ar. 
n of the mean 
j presence of categorical 
clustering; i.e., the Observed numbers of 
runs fell below chance expectation. Anal- 
ysis of variance shows that the overall 
deviation of the z scores from zero is reli- 
able, F (1, 138) — 185.83, p «.01. How- 
ever, none of the sources of variance 
associated with experimental treatments is 
significant. Thus, there is clear evidence 
for clustering based on the distinction 
TENS 


? We are grateful to Sheil 


E a Burns for s "sti 
this analysis, j AIEEE 


extent to which such grouping occurred was 
not influenced systematically by the con- 
ditions of presentation and testing. 

The order of output of CC and NC items 
was considered next. The question of in- 
terest was whether there was an increasing 
bias toward early reproduction of new 
items as the list became longer. The per- 
centage of NCs among the first half of the 
responses given by § was used to assess 
the degree of priority given to new items. 
In the absence of any bias this percentage 
should be equal to the percentage of NCs 
in the entire recall protocol. This analysis 
was again restricted to Trial 2. The means 
of the expected and the obtained percent- 
ages are presented in Table 3. The dif- 
ferences between expected and obtained 
values were in general small, although 
significant for the combined groups, P 
(1, 138) = 5.56, p < 02. Once more the 
differences among experimental conditions 
were neither systematic nor reliable. There 
was certainly no evidence that the early 
output of new items was favored as LL 
increased. It should be noted in passing 
that the magnitude of the priority effect 
was far from impressive, and the robustness 
of the phenomenon must remain in doubt 
(cf. Postman, 1972). For present purposes 
it is of no consequence whether the limited 
bias that was observed represented an arti 
fact due to the changing order of presenta- 


tion (Postman & Keppel, 1968) or @ 

deliberate Strategy on the part of 

(Battig, Allen, & Jensen, 1965). " 
Intrusions.— The mean numbers of in- 


‘rusions from outside the list are shown 1? 


4 PRIORITY Er 
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TABLE 3 


PECTED AND OBTAINED PERCENTAGES OF New IrEMS 
IRST HALF OF RECALL ON TRIAL 2 


Immediate test 


Delayed test 


| 
Span = Obtained | m a | Obtained 
Expected | Obtained minus expected | Expected Obtained minus expected 
| 2 = 
20. 23 45.2 | 3.0 53.4 61.9 8.5 
203 Hae 562 | 7.7 | 62 64.4 1.2 
30-2 48.5 56.2 ee 05 | 7 
" 6-1 | — r9 62.7 ES | 59. 70. | j 


Table 4. The frequency of intrusions in- 
creased with LL and was higher under the 
delayed than the immediate conditions of 
¿a testing. For each group, the number of 
* errors declined progressively over trials. 
The relevant tests of Significance yielded 
the following results: for list, 7? (2, 138) = 
10.02, p< 001; for retention interval, 

F (1, 138) = 4.30, p <.05: for trials, 

.F (2, 276) 34.54, p < 01. There was 
also a significant Trials X Retention In- 
terval interaction, 7 2, 276) = 3.50, 

P < .05. This interaction reflects the fact 
that the difference between the immediate 

> and the delayed conditions was substan- 
tially greater on the first than on the later 
trials. Such a localized effect of delay 
was to be expected since the interval was 
introduced between the first study trial 
and the first test of recall, and the influence 
-of this delay on performance was transitory. 


Discussion 


" The principal findings were that 
measures of recall conformed to the total-time 
hypothesis on the first test trial, both im- 
mediately after the initial presentation of the 

. . list and after a 20-min. retention interval, and 
(5) after the first study-test cycle the amount 
recalled increased as a direct function of Lil. 


(a) the 


: * TABI 
MEAN NUMBERS or 


ALIST INTRUSIONS 


I- = 


Immediate test Delayed test 
Cond. |- 


a aa 


Trial 1 | Trial 2 | Trial 3 Trial 1 | Trial 2 Trial 3 
20$ | 88 | x38 | 0% | 
j 30-2 | 1.04 | 71 | 163 | 
! 60-1 | 2.33 | 192 | 1.21 | 


The results obtained on the first trial test 
fully confirm Murdock's (1960) original obser- 
vation. Such a finding is not, as Roberts 
(1972) has suggested, peculiar to the procedure 
of alphabetical cuing used by Murdock (1960) 
on the test of recall, The fact remains, of 
course, that Roberts failed to obtain evidence 
for the principle of recall invariance in his own 
experiment. The use of a fixed pool of words 
in successive sessions may have influenced 
Roberts’ results; familiarization may serve to 
reduce the effective differences in the amounts 
of material to be mastered as list length is 
varied. In any event, as far as single-trial free 
recall is concerned, the conditions limiting the 
operation of the principle of invariance remain 
to be determined. Such limitations un- 
doubtedly exist. For example, Underwood 
(1970) has shown that recall is enhanced more 
by distributed than by massed repetitions of 
items within a list even though the total pres- 
entation time is held constant. In the absence 
of such special manipulations, however, there 
appear to be only minor variations in the 
amount recalled as long as the total study time 
remains the same. 

The fact that the principle of invariance con- 
tinued to hold after a retention interval in- 
dicates that there were no differences jn the 
level of acquisition after a single study trial 
to which the immediate test was insufficiently 
Sensitive. The retention interval was long 
enough to produce à significant decline in 
performance under all experimental treatments, 
Thus, Variations in the degree of original learn- 
ing should have been detected on the delayed 
test. 

Why does the total-time law break down 
after the first study-test cycle? In the com- 
parison of Cond. 30-2 and 60-1 an explanation 
in terms of differential ceiling effects can be 
ruled out for all practical purpo 
this factor may well have p] 
case of Cond. 20-3. For 


ses, although 
ayed a role in the 
the two longer lists 


the divergence of the acquisition. functions 
must, therefore, be related to the conditions 
of presentation. A clue to the source of the 
divergence in performance is provided by the 
differences in the distribution of CC, NC, and 
CN items: The number of CCs remained 
invariant whereas both CNs and NCs in- 
creased directly with LL, with the latter show- 
ing a greater rise than the former. These facts 
suggest the following interpretation. 
On the first trial, when S is unfamiliar with 
the composition and the length of the list, he 
is likely to rehearse words in serial order and 
will give relatively little attention to interitem 
relations. The pronounced primacy effects 
shown in Fig. 1 are consistent with this assump- 
tion about S’s rehearsal pattern on the initial 
study trial. Under these circumstances the 
number of items recalled will be determined 
largely by the amount of processing time. On 
the second and subsequent trials, S has become 
familiar with both the length of the list and the 
characteristics of the items included in it. He 
will now begin to group items on the basis of 
semantic and associative relations. The oppor- 
tunity to form such groupings should increase 
with LL; the larger the number of words, the 
more extensive and complex the network of 
potential interrelations among individual words 
becomes. Consequently, the number of NCs 


increases with LL. ‘The groupings of new 
items formed under conditions of rapid 
presentation are, however, unstable. How 


many of these are carried over to the next trial 
(CCs) once more is determined by the amount 
of time available for rehearsal. Hence the 
numbers of CCs remain invariant. 

The fact that CNs as well as NCs increase 
as a function of list length is capable of at least 
two alternative interpretations. First, the 
more of the available study period S devotes to 
the development of new groupings, the less 
time he can give to the rehearsal of previously 
recalled items. Second, and perhaps in addi- 
tion, the longer the list, the greater is the aver- 
age number of items intervening between the 
presentation of a given old (ie., previously 
recalled) word and the beginning of the test 
of recall. Thus, at least in the early stages of 
acquisition, individual items are more subject 
to retroactive interference when the list is long 
than when it is short. i 

The measures of clustering indicate that Ss 
tended to treat previously recalled and newly 
acquired items as distinct categories in output. 
This conclusion is consistent with the finding 
of Robinson and Kulp (1970) that Ss were able 
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(a) to reproduce selectively the words they had 
recalled on a preceding test, and (b) to dis- 
criminate such items from unrecalled words. 
The occurrence of CC and NC clusters in out- 
put suggests further that during the later 
study trials the available time was distributed, 
more or less systematically, between the review 
of old items and the processing of new items: 
Words that are reproduced together are likely 
to have been grouped together in rehearsal 
(cf. Rundus, 1971). Such rehearsal and output 
patterns appear to have developed under 
all conditions of presentation; there were no 
reliable differences among the experimental 
treatments with respect to the degree of clus- 
tering. However, as suggested earlier, the 
ease with which NC items could be added 
depended on the degree of semantic and 
associative overlap among the words, which in 
turn is likely to increase with the length of the 
list (Deese, 1960). The fact that the frequency 
of outside intrusions was directly related to list 
length is relevant here. Such errors may be 
taken to represent, at least in part, the con- 
vergence of words within the list on common 
associates (Deese, 1959). 

While the divergence in the number of NCs 
may reflect the advantage derived from the 
presence of multiple interitem associations in 
a long list, the invariance in the number of CCs 
on each successive trial points to the continu- 
ing determination of long-term storage by the 
amount of study time. Whether the principle 
of total-time invariance is found to hold will 
thus depend not only on the stage of practice 
but also on the measure of performance. 
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ERRATUM 


In the article “Temporal aspects of digit 
in the December 1971 issue, the sent 
changed to read: “On the othe! 


and letter inequality judgments” by John M Parkman 
e beginning on line 22, column 1, page 195, 
r hand, using the same technique. 


hould be 


the Min accounts for an average 


of 53% of the variance in these two groups if the Split is partialed from the Min." 


read 


Also, in Table 3, page 198, the R? value for the Min under the heading “ 
9 


All digit pairs” should 
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PROBI? FOR THE FUNCTIONAL STIMULI IN SERIAL LEARNING ! 


CARLA J. POSNANSKY = 


University of Colorado 


Probes were used to ascertain the nature of functional stimuli in serial anig 

(SL) revealing that (a) sequential, positional, ed up ipe Mp 
more complex cues all can function as effective stimuli in SL; ant : ic hy 
considerable intraindividual variation in the use of these functiona stimu $ 
Differences between anticipation and recall methods of SL were matra 
pointing toward more complexity within the anticipation methods. | 2 
grouping was also shown to have differential effects upon the two methods. 


Reduced within-cell variances and numbers of trials to criterion were found 
for the recall method of SL, as was evidence for hierarchical grouping processes 


especially under grouped list presentations. 


or scrambled reorderings of the origin: 


Subsequent transfer to reversed 


al list indicated this method to be ques- 


tionable for the determination of SI, processes. 


Research directed at the determination 
of what is learned in serial learning (SL) 
has provided somewhat contradictory em- 
pirical results, with evidence being found 
for both sequential learning and positional 
learning as well as other more complex 
processes. However, the importance of 
each type of learning process and the de- 
gree to which each process operates inde- 
pendently has not been satisfactorily evalu- 
ated, and the extent to which more complex 
SL processes may be operating has not yet 
been determined (e.g., Battig, 1969); 
Young, 1968). One important methodo- 
logical limitation of this research is worthy 
of note. Transfer tasks after completed 
SL have provided the primary methodology 
for functional stimulus determination, de- 
spite frequent suggestions that a transfer 
task which occurs after completed SL may 
actually provide a measure of the utiliza- 
sce b: radiis 
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tion of serial information rather than the 
method by which a serial list is acquired 
(e.g., Battig, 1966; Postman, 1968; Voss, 
1968). 

The use of a transfer task after completed 
SL also means that the measurement of 
functional stimuli is occurring after various 
stages of learning since each item in the 
serial list may have been learned on a dif- 
ferent trial. To this point, Voss (1969) 
was able to demonstrate that the learning 
of items in a serial list and the placement of 
those items in their proper serial positions 
occurred simultaneously for items at the 
beginning of the list. At the later positions, 
however, items were first learned and sub- 
sequently placed in their proper serial posi- 
tions, thus demonstrating the significance 
of controlling degree of learning for each 
item. Posnansky, Battig, and Voss (1972) 
also reported changes in the stimulus with 
degree of learning by using a serial probe 
technique which took into account the 
history of the individual items, and thus 
differed from a similar probing technique 
used in serial learning by Woodward and 
Murdock (1968) and Woodward (1970). 
The present study also utilized the Pos- 
nansky et al, (1972) probe technique in an 
attempt to determine the functional stimu- 
lus for each item in the serial list. 

The present prole 
further advantage of 
cation of function 
list items immedi 


technique has the 
allowing the identifi- 
al stimuli for individual 
ately after learning and 
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: transfer tasks. 


COMPLEXITY OF THE SERIAL LEARNING STIMULUS 


thus permits evaluation of changes in learn- 
ing process across serial positions. Such 
an evaluation is of particular interest given 
the previous contradictory results with 
regard to serial position (Ebenholtz, 1963; 
Young, 1962; Young, Patterson, & Benson, 
1963). Furthermore, the probe technique 
permits analysis of an individual's perfor- 
mance which, in turn, permits the evalua- 
tion of the consistency of process within 
individuals as well as an evaluation of a 
given S's functional stimulus usage in rela- 
tionship to rate of SL. 

With the use of the probe technique, a 
primary purpose of the present study was 
the evaluation of possible differences in 
process between the recall and anticipation 
methods of SL. Previous research attempts 
have been almost exclusively confined to 
theanticipation method, but Battig (19693) 
reported differences in Sensitivity to vari- 
able manipulations between the two meth- 
ods. While these findings demonstrate 
that the serial recall method has greater 
Sensitivity to these parameter manipula- 
tions, the involvement of different learning 
processes is not necessarily implied, Young 
(1968), however, pointed out that ' 
critical comparison of the serial 
and serial recall procedures is warranted 
[pp. 127-128]" A major purpose of 
the present study was to determine if such 
a difference in process does exist. 

The present Study also included the 
manipulation of a Within-list variable— 
grouping of items into three-item sub- 
groups during learning, suggested to be a 
potentially important determinant of SL 
process in an unpublished study by Skiba 
and Battig (1970). Thus, a further pur- 
Pose of the present investigation was the 
evaluation of the differential effects of such 
à manipulation upon SL method, as well 
as a direct evaluation of the variable’s 
effect upon functional stimuli. 


Finally, the Present study attempted to 
replicate the recall and anticipation me- 
thodology differences in Sensitivity to 
variable manipulations found by Battig 
and Lawrence (1967) by the inclusion of 
both reversed- and scrambled-order SL 


This transfer manipulation 


‘a more 
anticipation 
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also permits resolution of the conflict pro- 
duced by the Battig-Lawrence (1967) 
failure to replicate the Young et al. (1963) 
finding of facilitation for middle items of 
the reverse SL task. Finally, the inclusion 
of such a transfer task also provided an 
opportunity for the evaluation of changes 
in the functional stimuli between original 
and transfer tasks, thus permitting the 
possible determination of process differ- 
ences between task acquisition and sub- 
sequent utilization. 


METHOD 
Material and A bparatus 


All lists consisted of 15 four-letter words of high 
Thorndike-Lorge frequency, including all but 1 
(EAST) of the 16 maximally unrelated words repre- 
senting minimal associative communality as de- 
scribed by Battig and Miller (1965). Four serial 
list orders were constructed, the first with items 
arranged randomly. The second list order was the 
reverse of the first, and the third list order was 
constructed so as to maintain a scrambled relation- 
ship with the first. In this crambled list, no ad- 
tes or serial positions of the first list were 


retained. The fourth lis order was the reverse of 
the third. Four asteri preceded the beginning of 
the lis 


, and, additionally, four asterisks succeeded 
the last word in the list. 

Lists were presented by a Lafayette memory 
drum, while the Probes were presented on 3x5 
white index cards. 

The 5-sec. probe intervals were timed by the use 
of a variable timer operated by foot lever. 


Design and Procedure 


Subjects were randomly assi, 
of order of appearance in the | 
24 experimental cells, with the 
cell be half filled before the remaining half of any 
other cell was filled, There were 12 experimental 
groups and 12 control groups, with three variables, 
in addition to list order, being manipulated between 
groups. List orders Were counterbalanced so that 
within each cell, each of the four list orders was used 


equally often as an original list order and a transfer- 
task list order. 


gned, on the basis 
aboratory, to one of 
restriction that each 


Variable Man ipulations 


Method.— There were three methods tested in the 
present study. The standard seria] anticipation 
method required that Ss study the list the first time 
through, and thereafter attempt to anticipate each 
item during the presentation of the Preceding word 
A 2-sec. presentation rate and a 6-sec. intertrial 
interval were used, Two Variations of a serial recall 


PRIOR ITEM 
CUE 


POSITION CUE 
(NONGROUPED)| 5—— 


f 
POSITION CUE 5--E 
(GROUPED) E 
E 
E 
: CENT 
Trew CUE NOSE 
WEAR 


PROBE SEQUENCES 


PI-3PI-POS GROUPED 
PI-3PI-POS NONGRP 
PI-POS NONGRP-3PI 
PI-POS GROUPED-3PI 
POS GROUPED-PI-3PI 
POS NONGRP-PI-3PI 

Fie. 1. Examples of probe types and 
probe sequences 


method both required Ss to view the items on the 
memory-drum tape for 2 sec. each. Then, after the 
entire list had been presented, each .5 was given 
1 min. to orally recall the words in the list in the 
order in which they had appeared. Instructions to 
Ss indicated that if, at any time, S was aware that 
he was skipping a position in the list, he should 
indicate the nonremembered item with the word 
"skip," thus making it possible for words to be 
placed along positions without following the correct 
prior items. Intertrial interval was again 6 sec. 
A response was scored as "learned" when it given 
by 5 in the correct serial position or when it was 
given by 5 following the correct preceding item 
under the "recall or" method, while under the 
"recall and” method items were counted as correct 
only when they were given correctly in the proper 
serial position and preceded by the correct prior item. 

Grouping mode.— Lists were presented either in a 
continuous manner at the 2-sec. rate (nongrouped) 


or with à 2-sec. blank interval following every 
third word (grouped). i 


Transfer task—All Ss received a transfer 


after List 1 learni i 
“15 arning had been cz a 
exorta g n carried to a 


task, 


“ist 1 rnin, | one- 
ss trial criterion, which maintained either et 
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scrambled ‘or reversed relationship to the tirst list 
learned. Additionally, the transfer task was carried 
to the same criterion as original learning, and, 
furthermore, the probing technique to be described 
below was applied to the transfer task in the same 
manner as it was applied to original learning. Each 
of the four list orders was used equally often both 
for the reversed and the scrambled transfer 
conditions. 


Serial Probiug 


The probing task represented the only within-Ss 
manipulation in the present study. The probing 
technique is similar to that developed by Murdock 
associates (e.g, Woodward & Murdock, 
1968) for probing short-term memory. The tech- 
nique was applied as described in Posnansky et al. 
(1972) to all but the first three items in the serial 
list. Thus, immediately after an item was scored 
as correct for the first time, either a diagrammatic 
representation of the item's serial position or its 
immediately preceding item was presented to S on 
an index card. Examples of the probe types are 
seen in Fig. 1. After card presentation, S was given 
5 sec. in. which to respond with the correct item. 
If S could not do so, an additional probe card was 
presented on which the alternative cue or a new cue 
consisting of the item's three preceding items was 
added to the first cue. After another 5 sec., if 5 
still did not respond correctly, the third cue was 
added. The three-prior-item cue necessarily fol- 
lowed the prior-item cue in every sequence since it 
correct response to the three-prior-item cue without 
prior failure on the prior-item cue would provide no 
information as to which cue was effective. 
As seen in Fig. 1, there were two types of diagram 
tic representations of serial position so that the 
position cue represented the items in the list in 
either a divided (grouped) manner or in the con- 
tinuous manner described in Posnansky et al. (1972). 
Each type of position cue was used equally often for 
cach S, and probe sequences were counterbalance, 
within each experimental cell, so that the ap e 

el 


type appeared equally often with a given A 
probed items so that all Ss received the prior-ite! 
cue first for half of the items in the list anc ; 
position cue first for the other half of the item 
"These probe sequences are also shown in qu 
Since cach item was probed immediately followin® 
the trial on which it was given correctly or ef 
first time, 12 probe responses were recorded for pom 
S and the number of probes on any give? p 
matched the number of items given correctly for t i 
first time on that trial. The sequence of probe typ" 
and the first probe responded to correctly We 
recorded for all probed items. 

In order to permit an evaluation of the 
ness of the probe types, a control procedure Wé 5 
used. in which probes were given which were” p. 
contingent upon S's trial-by-trial performan 


effectiv™ 
also 


non 


| dona] 


COMPLEXITY OF THE SERIAL LEARNING STIMULUS 


Items to be probed after a given trial were pre- 
viously and randomly selected so that it was possible 
to study the effectiveness of probes for items not 
yet "learned." To maintain equivalence with the 
contingent probe conditions, the number of items 
probed noncontingently on cach trial was equal to 
the number first recalled correctly on that trial. 

Instructions to Ss regarding the occurrence of 
probes were given with the SL instructions prior to 
SL. These instructions explained the use of the 
probe cards, the time intervals involved, and the 
oral responding required. No information was 
given, however, concerning the contingencies of 
probing, and the three probe types were not specifi- 
cally described. 


Subjects 


The 112 Ss were students at the University of 
Colorado who participated in order to fulfill a 
course requirement. The number of Ss in each non- 
contingent cell was equal, while in contingent cells, 
the number of Ss learning under the anticipation 
method was double the number of Ss under each 
ul method. Because of this cell assignment, an 
equali comparison of the two recall and the antici- 
pation methods within the noncontingent cells was 
ssible. Thus, cell ignment was designed to 
tate the analy which was of fundamental 
interest within cach contingency condition. 


RESULTS 


Overall performance differences were 
evaluated by between-groups analyses of 
variance, separately for original and trans- 
fer SL tasks, using both trials and total 
errors to the one-errorless trial criterion as 
measures. Since the results were closely 
comparable for both measures only the 
trials-to-criterion data and analyses will be 
reported here. Additionally, data were 
pooled over the four list orders since an 
analysis of variance indicated no significant 
differences in learning difficulty between 
lists, Fs (3, 94) < 1.0. 

In order to evaluate probe effectiveness, 
three different types of analyses of vari- 
ance were performed. First, an overall 
analysis was done separately for each of 
the three probe types wherein each score 
“onsisted of the number of times a given 
pun» s red to correctly over a 
St en we. positions. It was deemed 
Positions in orgo data across two serial 
a Meaningful = er to gain suficient data lor 

anale is. Second, a propor- 
5 as done to provide a 
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fairer evaluation of the effects of the be- 
tween-groups variables. Each score in the 
proportional analysis consisted of the num- 
ber of times a given probe type was used 
effectively by each S divided by the number 
of occasions on which it could have been 
used. .In this analysis, data were "pooled 
across all serial positions. Such an analysis 
has the additional advantage of providing 
directly comparable measures representing 
each of the three probe types. Finally, a 
"stage analysis" was based on separate 
scores for the first, second, and third probes, 
i.e., each S's score consisted of the number 
of times a given type of probe was used 
effectively divided by the number of oppor- 
tunities for its usage within a particular 
stage of probing. This stage analysis was 
done to ascertain differential effects of the 
between-group variables upon probe usage 
after v ng numbers of errors to previous 
probes, 

The results will be organized into sec- 
tions describing each of the individual 
variable effects both on list acquisition and 
probe usage. "Then serial position effects 
vill be considered as will the aspects of the 
present study which deal with individual 
differences. 


Method-of- Learning Effects 

The differences in number of trials to 
criterion between the two methods of SL 
are seen in Table 1 which indicates that 
recall Ss needed slightly over half as many 
trials to reach criterion as did anticipation 
Ss. The differences in variances are also 
worthy of note. Within the nongrouped 
presentation conditions, the within-cells 
variance for anticipation cells was threefold 
that of recall cells, but these variance dif- 
ferences disappeared within the grouped 
presentation mode. 

Overall probe analyses indicated that the 
method variable had a significant effect 
only upon usage of the three-prior-item cue 
for original list probing. The Ss learning 
under the anticipation method used this 
cue effectively for 12.5% of the items 
probed while recall Ss did so for only 7.86; 
of the items, P (1, 60) = 4.24, p < .05. 
Additionally, recall 5s used the prior-item 
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TABLE 1 
MEANS AND VARIANCES OF ORIGINAL AND TRANSFER 
Tasks—TRIALS TO CRITERION 


Contingent Noncontingent 


Measure | | | 


Non- | Non- 
Grouped | grouped | Grouped | grouped 
| 
Original list 
Anticipation X | 12.63 | 15.38 | 13.00 | 15.25 
Method 
; variance 15.32 33.45 14.00 | 22.21 
Recall 7.63 7.50 7.06 | 9.06 
Method 9.45 9.20 14.26 | 16.86 
I 
"Transfer list 
Anticipation X | 7.88 | 7.50 | 7.25 | 10.75 
Method | 
variance 14.65 | 30.30 | 9.64 | 37.36 
Recall 4.08 $25 | 4.25 | 6.00 
Method 11.27 9.67 | 10.90 | 11.00 


cue 57.3% of the times that it appeared 
while anticipation Ss used the cue only on 
46.7% of such occasions on the average, 
with F (1, 60) = 4.29, p < .05, in the 
proportional probe analysis. 

There were more cases in which all three 
cues were ineffective in the anticipation 
method (25.5%) than in the recall method 
(20.6%), but this difference did not reach 
statistical significance. 


Grouping Mode 


As seen in Table 1, Ss receiving original 
list presentation under the grouped mode 
needed significantly fewer mean trials 
(9.66) to reach criterion than did Ss receiv- 
ing continuous list presentations (11.30), 
F (1, 97) = 4.55, b «.05. 'This was also 
true in the transfer task wherein grouped 
Ss needed 5.38 mean trials to reach criterion 
while nongrouped Ss needed 7.38 trials, 
Although the Grouping Mode x Method 
of Learning interaction was not significant, 
Table 1 suggests the effect of grouping to 
be larger under the anticipation method, 
There were no main effects of the grouping 
mode manipulation upon probe usage, 


Transfer Task Type 


The Ss transferring to a reve 


. rsed serial 
list needed significant] 


y fewer mean trials 
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(4.74) to reach criterion than did Ss trans- 
ferring to a scrambled list (8.39 trials), 
F (1, 96) = 36.16, p < .001. This effect 
did not differ across grouping modes or 
methods of learning. However, it is also 
of interest to note that even the scrambled 
transfer task was learned with fewer mean 
trials to criterion (8.39) than were needed 
across all conditions of original list learning 
(10.48), thus indicating that the net trans- 
fer effects were not negative. All transfer 
means are given in Table 1. 

There were no significant effects (Fs 
< 1.0) of transfer task type upon probe 
usage. 


Contingency-Noncontingency Effects 

Separate analyses of variance were per- 
formed for the contingent and noncontin- 
gentgroups. Error variances for these two 
conditions were closely comparable. "The 
method-of-learning effect was somewhat 
larger for the contingent group, 7 (1, 40) 
= 23.11 for noncontingent and F (1, 56) 
— 39.80 for contingent, both bs « .001. 
Also, the effect of the transfer. condition 
was much greater in the contingent group, 
F (1, 56) = 32.17, than in the noncontingent 
group, F (1, 40) = 6.54, although the direc- 
tion of the difference was consistent 
contingency conditions. 

With regard to probe usage, 77.0% of 
the responses by anticipation Ss to probe 
sequences of “unlearned” items were never 
correct within the grouped list presenta- 
tions, 


across 


while 69.0% were never correct 
under the continuous presentation condi- 
tions. Under the recall procedure, 85.0% 
of the unlearned items probed were never 
responded to correctly under g 


rouped pre- 
Sentations, while 74.0% of the unlearned 
items under continuous conditions were 


never probed effectively. Of course, antici- 
pation Ss had an additional opportunity to 
view an item between the incorrect antici- 
pation of that item and the probing of that 
item which was designated as “unlearned,” 
Therefore, More instances in which probes 
were effective for “unlearned” items were 
expected under anticipation conditions, 
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Interactions of the Behveen-Groups Variables 


The interaction of the grouping mode and 
method-of-learning variables was found 
significant in analyses of variance for both 
the prior-item and three-prior-item cues. 
This suggests that within the recall method, 
the three-prior-item cue was more effective 
in the grouped conditons, while the opposite 
Was true under the anticipation method. 
This effect was significant in the analysis 
of Stage 3 probing for the three-prior-item 
cue, P (1, 60) = 6.77, P « .025, as well as 
in the Stage 2 probing analysis of the prior- 
item cue, F( 1, 60) = 7.10, p < .01, 


Probe Results 


The extent to which the three probe types 
were effectively used differed markedly 
(p< -001), as shown in Table 2. Within 
original list learning, the prior-item cue 
Was used effectively for significantly 
(P < .001) more of the items probed than 
was the serial position probe 
the next most effective cue in terms of 
frequency of usage, Additionally, the posi- 
tion cue was used significantly more often 
than the three-prior-item cue, (b < .001), 
although frequency of usage of the position 
cue did not differ significantly from the 
frequency of cases in which all three cues 
Were ineffective, That the latter reflected 
inadequate learning was shown by an analy- 
sis showing significantly more errors made 
on subsequent trials after the probes on 
items for which all Probes were ineffective 
than on items yielding correct responses 
to any of the Probes, F (1, 54) = 46.01, 
p < .001, 

The frequency of usage of cue types 
within the transfer task probing is also 
seen in Table 2. Here usage of the position 


which was 


TABLE 2 
PrororTioN OF Pron Us, 
Functional stimulus | Original lea 


Prior item | 11.05; 45.8* 

"osition ZR 27.4 
Three prior item 10.3 11.1 
No cue effecti | 23.0 | 15.7 
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cue was significantly (^ < .001) greater 
than the frequency of cases in which none 
of the three cues were effective, although 
other probe usage frequencies were com- 
parable to those of original list probing. 


Serial Position Effects 


An examination of the serial position 
curves revealed the characteristic increased 
bowing of the curve under the anticipation 
method as well as a flattening of the curves 
within both types of transfer tasks, indi- 
cating that the degree of positive transfer 
Was not greater for middle serial positions 
within the reversed transfer condition, Ad- 
ditionally, an examination and analysis 
of serial Position subgroups composed of 
three items each revealed that Ss learning 
under the grouped presentation mode had 
a greater tendency to learn the last item 
in a three-item subgroup first than did 
nongrouped Ss. Differences between first 
and third items within three-item sub- 
sroups were greatest at the extremes of 
the serial list, indicating that, in general, 
the greatest tendency for third items within 
subgroups to be learned last Occurred at 
the beginning of the list, while the opposite 
was true for the last item in the list, 

With regard to serial Position effects 
upon probe effectiveness, it should be 
reiterated that the first three items in the 
list were not probed, so that references to 
the beginning of the serial list with respect 
to probe usage actually refer to the first 
Probed positions in the list. No effects 
of serial position were found for the prior- 
item cue as seen in Fig, 1, However, the 
effective use of the serial position probe did 
vary with seria] position, F (s, 300) — 2.60, 
P « .025, thus indicating that the cue was 
most effective at the ends of the list al- 
though usage did not vary across methods 
of learning Or across grouping modes, 
Three-prior-item usage also did not vary 
Significantly as a function of serial position, 
However, à significant Serial Position 
x Grouping Mode interaction did indicate 
that the three-prior-item cue was most 
effective for middle items of the list for Ss 
learning under continuous ]ist presenta. 
tions, while for Ss receiving Srouped item 
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presentation, the three-prior-item 
was most effective at the list's extremes, 
F (5, 300) = 8.26, p < .001. Further- 
more, within the three-prior-item overall 
analysis, the interaction of serial position 
and method of learning was significant, 
F (8, 300) = 2.48, p < .025, suggesting 
that the three-prior-item was least effective 
under anticipation for the very center and 
end serial positions while it was most effec- 
tive at the intermediate positions. In 
contrast, under the recall procedure, the 
three-prior-item cue usage was greatest 
at the beginning serial positions, with 
usage being attenuated across subsequent 
positions. 


The occurrence of cases in which all three 
probe types were ineffective was most 
pronounced for Positions 6 11, / (5, 300) 
= 5.58 p < .001. 

Probe usage for the transfer task also 
revealed that the position cue was especially 
effective at the list’s latter serial positions, 
PF (5, 345) = 11.27, p < .001, while the 


Probe usage during original list probing. 


probe 


three-prior-item cue was especially inet] ec - 
tive for the last two positions of the list 
and for Positions 6 and 7, F (5, 315) = 3.85. 
p < .001. 


Other Results 


Several correlational analyses were per- 
formed in order to ascertain the relation- 
ship between Ss’ probe performance and 
ease of list acquisition. Results indicated 
that the use of simple cues (prior item or 
position) was negatively correlated with er- 


rors to criterion (7 prior iten = —-384, p<.01, 
and fy = — .234, p < .10), while the 
use of the three-prior-item cue was slightly 
but positively correlated (ry = .22, p < .10). 


However, an analysis of variance per- 
formed on the number of items per S 
wherein probing reached a three-prior-item 
stage indicated that such a stage was not 
reached more often under one learning 
method or under a particular grouping 
mode (both Fs < 1.0), so that differences 
for these two vi les cannot be attributed 
to a subject selection bi 

Examination of individual S protocols 
also revealed that even an S's predomi- 
nantly used cue was effective for only 5.40 
(459%) of the 12 probed items on the aver- 
age, and this consistency did not vary as a 
function of serial position. 


Furthermore, probe usage was insignift- 
cantly affected by the number of previously 
occurring. probes, thus providing further 
evidence that the probing technique pre” 
vides a relatively uncontaminated insigh 
into SL processes. f 

Finally, with regard to the nonconti!l 
gently probed items, the difference betwee” 
recall methods is of interest in order t° 
further validate the probing technique 
Within the “recall or“ method, where! 
items were considered "learned" when thes 
were given correctly in the correct serë 
position or following the correct prior ite") 
93^, of the probe sequences for "unlearnet | 
items resulted in no correct responding a 
continuous list presentation while 9156 TS 
sulted in no correct responding for grouper 
list presentations. [lowever, within 
‘recall and” groups, wherein items hac 
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be given correctly in the correct serial 
positions and followi g the correct prior 
item before they were scored as correct, 
only 79% of the probe sequences for “Un- 
learned” items were not responded to 
correctly under grouped list presentation, 
and only 55 of the probe sequences re- 
sulted in no correct responding under the 
continuous list presentations, thus provid- 
ing a substantial difference between the 
two methods, 


Discussion 


The results of the present study clearly 
point toward the existence of more than one 
SL process by showing at least some usage of 
all three types of functional stimuli studied. 
No single SL Process was identified which oper- 
ated consistently across Ss or even across dif- 
ferent items within the same S. The results 
further indicated that the use of the prior- 
item cue was Most prevalent, followed by the 
position cue and then the three-prior-item cue, 
in order of degree of effectiveness, Addition- 
ally, the possible existence of still other, as yet 
unidentified, SL, Processes was also indicated 
by a substantial number of cases (23%) in 
which the three stimuli tested vere all ineffec- 
tive (although some indeterminate proportion 
of these may have represented guessed rather 
than actually learned items), 
clearly greatest at the center Positions of the 
list, supporting a previous suggestion that 
more complex proces es operate primarily. in 


the middle of the serial list (Battig, Brown, & 
Schild, 1964), 


Additional evidence for 
several SL proc 


Such cases were 


the existence of 
s Was found in the examina- 
tion of individual Ss" performance, Such an 
examination indicated that the degree to 
which each cue was effective did vary within 
as well as between Ss. The average number of 
times that any given S utilized his favored 
functional stimulus was found to be Je 
half the number of probed items in 
clearly indi ing the operation of more than 
one SL process within a given S, Importantly, 
this finding further demonstrates that the 
existence of more than one SL proces: is not 
due to consistent between-s differences in = 

The finding of differences in functional stim- 
ulus usage between methods of learning sug- 
gests a difference of process between methods, 
perhaps pointing toward increased complexity 
in the anticipation method Wherein ; 


ss than 
the list, 


Ss must 
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use the same 2-sec. period to view an item, 
check their last response, and anticipate a 
succeeding item. It may indeed be the case 
that when recall Ss are presented with the 
prior-item cue, they are able to use it effec- 
tively because it is similar to the recall cue 
that S himself produces while recalling the 
items in the serial list. On the other hand, 
anticipation Ss may find a greater discrepancy 
between the prior-item cue Presented during 
probing and the conditions of the anticipation 
method, wherein the prior item and additional 
temporal and sequential cues are present at 
the time of anticipation. 

The interactions of grouping mode and 
method of learning which were reported further 
Suggest that grouped list presentation adds to 
the complexity of the processes occurring in 
the recall method, making the more complex 
cue more potent. This result is consistent 
with the interpretations of the grouping mode 
effect made by Skiba and Battig (1970) and 
Keenan (1970) which Suggest that grouping 
fects are due to S strategy changes or 
hierarchical grouping” rather than an empha- 
sis, for example, of serial position, 

Additionally, these Grouping Mode x 
Method of Learning interactions suggest that 
within the anticipation method the blank 
spaces (presented during both study and test) 
themselves become functional stimuli for the 
lirst items in each Sroup of three. This would 
diminish the three-prior-item cue effectiveness 
in those cases in which the blank was not 
presented on the probe cards, 

The present results also indicated that the 
Position probe was Most effective at the list's 
extremes as found by Posnansky et al. (1972). 
Furthermore, position cue usage did not vg y 
across grouping modes, thereby indicating 
that the effect of grouping (i.e., the reduction 
in trials to criterion under grouped conditions) 
Was not in the emphasis of item position, 
Thus, with respect to original list learning, 
the probe technique has demonstrated a dif- 
ference of SI, Processes. As to probing in the 
transfer task, its differences from the original 
task in probing results become important with 
regard to appropriateness of transfer tasks for 
the evaluation of SL Processes. Thu the 
lack of the method-of-learning differences and 
the Grouping Mode X Method of Learning 
interactions which were found in original list 
probing, in addition to fewer (15.861) 
which all three probes were ineffective 
that serial 


Cases in 
+ Suggest 
in origina] list 
transfer task, 


information gained 


learning is being utilized in the 
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Probe usage during original list probing. 


presentation, the three-prior-item probe 
was most effective at the list's extremes, 
F (5, 300) = 8.26, p < .001. Further- 
more, within the three-prior-item overall 
analysis, the interaction of serial position 
and method of learning was significant, 
F (8, 300) = 248, p < .025, suggesting 
that the three-prior-item was least effective 
under anticipation for the very center and 
end serial positions while it was most effec- 
tive at the intermediate positions. In 
contrast, under the recall procedure, the 
three-prior-item cue usage was greatest 
at the beginning serial positions, with 
usage being attenuated across subsequent 
positions. 

The occurrence of cases in which all three 
probe types were ineffective was most 
pronounced for Positions 6 11, P (5, 300) 
= 5.58 p < .001. 

Probe usage for the transfer task also 
revealed that the position cue was especially 
effective at the list's latter serial positions, 
F (5, 345) = 11.27, p < .001, while the 


ihree-prior-item cue was especially inellec- 
tive for the last two positions of the list 
and for Positions 6 and 7, F (5,315) = 3.85, 
p < 001. 


Other Results 


Several correlational analyses were per- 
formed in order to ascertain the relation- 
ship between Ss probe performance and 
case of list acquisition. Results indicated 
that the use of simple cues (prior item or 
position) was negatively correlated with er- 
rors to criterion (7 prier item = — 384, pe. 
and Fponitin = — 234, P € 10), while the 
use of the three-prior-item cue was slightly 
but positively correlated (7 = 32, p < 10). 

However, an analysis of variance per 
formed on the number of items per 5 
wherein probing reached a three-prior-item 
stage, indicated that such a stage was not 
reached more often under one learning 
method or under a particular grouping 
mode (both fs < 1.0), so that differences 
for these two variables cannot be attributed 
to a subject selection bias. 

wnination of individual 5 protocols 
also revealed that even an S's predomi- 
nantly used cue was effective for only 5.40 
(45%) of the 12 probed items on the aver- 
age, and this consistency did not vary as a 
function of serial position. j 


Furthermore, probe usage was 1 ignifi- 
cantly affected by the number of previously 
occurring probes, thus providing further 
evidence that the probing technique Pre" 
vides a relatively uncontaminated insig 
into SL processes. 


Finally, with regard to the noncontil^ 
gently probed items, the difference betwee” 
recall methods is of interest in order 
further validate the probing technique 
Within the "recall or" method, where! 
items were considered "learned" when the? 
were given correctly in the correct seria 
position or following the correct prior item, 
936; of the probe sequences for "unlearnet 
items resulted in no correct responding a 
continuous list presentation while 91% 1€. 
sulted in no correct responding for groupe’ 
list presentations. — However, within 
"recall and” groups, wherein items hac 


io 
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be given correctly in the correct serial 
positions azd following the correct prior 
item before they were scored as correct, 
only 79% of the probe sequences for ‘un- 
learned" items were not responded to 
correctly under grouped list presentation, 
and only 35€, of the probe sequences re- 
sulted in no correct responding under the 
continuous list presentations, thus provid- 
ing a substantial difference between the 
two methods. 


Discussion 


The results of the present study clearly 
point toward the existence of more than one 
SL process by showing at least some usage of 
all three types of functional stimuli studied. 
No single SL process was identified which oper- 
ated consistently across Ss or even across dif- 
ferent items within the same S. The results 
further indicated that the use of the prior- 
item cue was most prevalent, followed by the 
position cue and then the three-prior-item cue, 
in order of degree of effectiveness Addition- 
ally, the possible existence of still other, as yet 
unidentified, SL processes was also indicated 
by a substantial number of cases (23°C) in 
which the three stimuli tested were all ineffec- 
tive (although some indeterminate proportion 
of these may have represented guessed rather 
than actually learned items). Such cases were 
clearly greatest at the center positions of the 
list, supporting a previous suggestion that 
more complex processes operate primarily in 


the middle of the serial list (Battig, Brown, & 
Schild, 1964). 


Additional 
seve: 


evidence for the existence of 
il SL processes was found in the examina- 
tion of individual Ss’ performance. Such an 
examination indicated that the degree to 
which each cue was effective did vary within 
as well as between Ss. The average number of 
times that any given S utilized his favored 
functional stimulus was found to be less than 
half the number of probed items in the list, 
clearly indicating the operation of more than 
one SL process within a given S. Importantly, 
this finding further demonstrates that the 
existence of more than one SL process is not 
due to consistent between-S differences in SL. 

The finding of differences in functional stim- 
ulus usage between methods of learning sug- 
gests a difference of process between methods, 
perhaps pointing toward increased complexity 
in the anticipation method wherein Ss 


must 
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use the same J-sec. period to view an item, 
check their last response, and anticipate a 
succeeding item. It may indeed be the case 
that when recall Ss are presented with the 
prior-item cue, they are able to use it effec- 
tively because it is similar to the recall cue 
that S himself produces while recalling the 
items in the serial list. On the other hand, 
anticipation Ss may find a greater discrepancy 
between the prior-item cue presented during 
probing and the conditions of the anticipation 
method, wherein the prior item and additional 
temporal and sequential cues are present at 
the time of anticipation. 

The interactions of grouping mode and 
method of learning which were reported further 
suggest that grouped list presentation adds to 
the complexity of the processes occurring in 
the recall method, making the more complex 
cue more potent. This result is consistent 
with the interpretations of the grouping mode 
effect made by Skiba and Battig (1970) and 
Keenan (1970) which suggest that grouping 
effects are due to S strategy changes or 
"hierarchical grouping" rather than an empha- 
for example, of serial position. 

Additionally, these Grouping Mode X 
Method of Learning interactions suggest that 
within the anticipation method the blank 
spaces (presented during both study and test) 
themselves become functional stimuli for the 
first items in each group of three. This would 
diminish the three-prior-item cue effectiveness 
in those cases in which the blank 
presented on the probe cards. 

The present results also indicated that the 
position probe was most effective at the list's 
extremes as found by Posnansky et al. (1972). 
Furthermore, position cue usage did not vary 
across grouping modes, thereby indicating 
that the effect of grouping (i.e., the reduction 
in trials to criterion under grouped conditions) 
was not in the emphasis of item Position. 

Thus, with respect to original list learning, 
the probe technique has demonstrated a dit- 
ference of SI. processes, 
transfer task, its difference 
task in prc 


was not 


As t0 probing in the 
ces from the original 
ybing results become important with 
regard to appropriateness of transfer tasks for 
the evaluation of SIL proce: The 
lack of the method-of-learning difference 
the Grouping Mode X Method 
interactions which were found in original list 
probing, in addition to fewer (1 8°) cases in 
Which all three probes were ineffective suggest 
that serial information gained in original list 
learning is being utilized in the transfer task, 


of Learning 
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thus providing Ss with additional information 
with which to respond to the probes. This 
essentially corroborates the position that a 
transfer task may actually be measuring the 
utilization of serial information rather than its 
process of acquisition (e.g., Postman, 1968). 

Furthermore, determining the effectiveness 
of the probing technique for tapping into SL 
processes raises questions concerning the analy- 
sis of probe results for probes not occurring 
first in the probe sequence. Thus, Ss who have 
difficulty with SL also may have trouble re- 
sponding to probes, reflecting some type of 
generalized difficulty with the kinds of tasks 
involved. If so, an S selection bias might be 
operating upon the stage analyses of probe 
effectiveness, as well as upon the evaluation 
of the three-prior-item cue. To deal with this 
question, number of errors made during origi- 
nal learning were correlated with overall 
number of probe errors made, yielding an 
inconclusive r = .429. The number of times 
each S reached a three-prior-item stage was 
then subjected to analysis of variance, which 
indicated that the three-prior-item stage was 
not reached more often under one method of 
learning or under one grouping mode. Thus 
conclusions concerning the effects of the be- 
tween-groups variable manipulations appear 
uncontaminated by any type of S bias. 

Two additional correlations, of errors to 
criterion both with failures to respond cor- 
rectly to any probe in a sequence and errors 
made in Stage 1 of probing, were closely com- 
parable in magnitude. This indicates that the 
original correlation is not localized at a parti- 
cular stage of probing, but is rather diffuse. 

The preceding discussion does, however, 
suggest that "slow" serial learners do indeed 
take longer to learn a serial list because they 
utilize complex functional stimuli during acqui- 
sition, Some support for this notion comes 
indirectly from the significant negative cor- 
relations found between the use of the simplest 
cues and numbers of errors to criterion, in 
conjunction with the slightly positive correla- 
tion found between the use of the three-prior- 
item cue and errors to criterion. 

i In view of the present probing results, the 
inconsistent results from previous research on 
“what is learned in serial learning” are hardly 
surprising. Since individual 5s use more than 
one (and often all) of the three types of func- 
tional stimuli when learning a serial list, 
previous research attempts to determine the 
functional stimulus could hardly have pro- 
duced anything other than contradictory find- 
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ings. .Mso, any conclusions about the func- 
tional stimulus emerging from this previous 
research typically represent the lack of posi- 
tive evidence for some such stimulus where it 
should have been operative (Battig, 1969b). 
The present study clearly demonstrates the 
inappropriateness of this type of conclusion. 

The present results also replicated those of 
Battig and Lawrence (1967) with respect to 
the fewer number of trials to criterion and the 
reduced variances occurring within the recall 
method. Quicker learning by recall Ss can be 
attributed to the lack of confounding of study 
time and recall time under the recall method, 
and the additional increase in the total time 
required for each recall trial. However, Batug 
and Lawrence also found greater differences 
between transfer-task types under a recall than 
anticipation procedure, therefore concluding 
that the recall method was more sensitive to 
such a variable manipulation. In the present 
study there was no such difference between 
methods of learning. The two most likely 
explanations for this failure to replicate include 
the fact that Battig and Lawrence's greatest 
method differences were ablished under 
conditions wherein the starting point of the 
list was varied from trial to trial. Second, the 
present Method of Learning X Transfer Task 
interaction clearly approached significance 
within the contingently probed cells, suggesting 
that noncontingent probing was somehow in- 
terfering with acquisition. In an unpublished 
study by Posnansky and Battig? contingent 
probing did not affect rate of SL at least under 
recall conditions, but the effects of nonco™ 
tingent probing are not necessarily identica 
to those of the contingent probing. 


*Posnansky, C. J., & Barrio, W. Fs Massed 


vs. distributed practice effects in serial learning, 
1971. Copies are available from the author. 
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DISSIPATION OF SENSORY AFTEREFFECTS 
AS A FUNCTION OF AXON LENGTH ! 


GEORGE SINGER ? axp JOHN K. COLLINS? 


Macquarie University, Eastwood, New South Wales, Australia 


Sensory adaptation is explained in terms of presynaptic depletion of transmitter 
substance and sensory aftereffect in terms of the inefficient re-uptake mechan- 
ism. The dissipation of the aftereffect is discussed as a function of the length 


of axons. 


Using 198 Ss in two experiments, it was shown that the visual 
aftereffect dissipated more rapidly than the kinesthetic aftereffect 


and that 


the recovery of kinesthetic aftereffects was a function of the length of the limb. 


Sensory adaptation and aftereffect refer 
respectively to changes of an object prop- 
erty (e.g. size, orientation, color, bright- 
ness) during and after a period of constant 
stimulation and have been reported to 
occur in all sensory modalities for a wide 
range of object properties. The progres- 
sive change in apparent orientation of tilted 
edges during visual or kinesthetic stimula- 
tion is an instance of adaptation, and the 
apparent shift in direction of vertical or 
horizontal edges following stimulation is 
an example of an aftereffect (Gibson & 
Radner, 1937). 

Perceptual adaptation is believed to re- 
flect progressive diminution in the fre- 
quency of firing levels of neurons during 
constant stimulation, and aftereffects have 
been attributed to postexcitatory suppres- 
sion (Barlow & Hill, 1963; Day & Singer, 
1970). One difficulty with this explanation 

is that aftereffects outlast the supposed 
neural correlates. 


In the experiments reported here pre- 
dictions are made based on a hypothesis 
that the persistence of the aftereffect is 
understandable in terms of presynaptic 
depletion of transmitter substance. The 
conduction of the sensory impulse from the 
receptor to the cortex involves synaptic 
transmission. Continued stimulation 
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sults in a loss of transmitter since the re- 
uptake mechanism is never 100%% efficient. 
Unusually prolonged and frequent stimu- 
lation of a set of neurons, selective to ? 
specific range of stimulation (e.g., specific 
directions of movement, direction of tilts 
color, and skin temperature), may deplete 
the presynaptic store of transmitters. 
Recently Geffen and Livett (1971) re 
viewed evidence for self-regulation within 
axon terminals of transmitter synthesis 
during changes in functional activity: 
They pointed out that increases in dis- 
charge result in an increase in the synthesis 
of rate-limiting enzymes necessary for the 
synthesis of transmitter, but that the nature 
and origin of the inducing signals are not 
known. It is probable that axoplasn" 
transport of either vesicles or their conr 
ponents is involved and the rate of vesicle 
travel (Geffen & Livett, 1971) is estimate j 
to be of the order of 5-10 mm/day. 7 dn 
fore, replenishing the presynaptic stores © 
maintain normal functioning may ee 
matter of hours and may depend o" 
length of the neurons involved. 
The suggestion is that the 
may be explicable by the reduction of n 


fects 
aftereffect 
eura 


yt K k 5 tag til 
activity in a period following excita ity 
but that the reduction in neural ppt 


itself is dependent on a depletion O LEE the 
mitter stores. Experiments withi? 90 
range of short-term stimulation for tion 


o 
. a 
sec. have shown that stimulus e ct 
determines the duration of the after mái 
ya 


but does not affect its magnitude 
1953; Singer & Day, 1965). m 
Since axons in kinesthetic pathw®)” d 


longer than those in visual pathw2? 
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since the Tecovery of synaptic functioning 
is dependent on the length of axons, the 
longest axon in the pathway will determine 
the duration of the aftereffect. Thurner 
(1961) reported some data which were in 
agreement with this hypothesis, but he 
used different tasks to generate the after- 
cflects in different modalities. In the 
present study a direct comparison is made 
of the differential recovery of visual and 
kinesthetic aftereffects and two kinesthetic 
aftereffects involving comparable tasks and 
equivalent amounts of stimulation. 


EXPERIMENT | 


The aim of the first experiment was to 
examine the differential recovery of the 
visual and kinesthetic aftereffect following 
equivalent amounts of stimulation. These 
two modalities were selected for investi- 
gation as both visual and kinesthetic after- 
effects are well documented in the literature 
(Day & Singer, 1970), and the relatively 
shorter length of the optic nerve when com- 
pared with the brachial nerve makes them 
well suited to test the hypothesis. The 
tasks were comparable as Ss were required 
to make judgments of the kinesthetic or 
visual vertical following protracted stimu- 
lation by a slanted stimulus object in one 
of these modalities. 


Method 


Subjects.— here were eight groups of 12 Ss 
drawn from undergraduate Students enrolled in an 
introductory course in psychology. They were 
alternately assigned to one of the four visual or 
four kinesthetic experimental conditions on report- 
ing to the laboratory. 

Apparatus.—The apparatus used for the visual 
Component consisted of a light-proof box with a 
90 X 2 mm. slit, the orientation of Which could be 
controlled by both and S by means of a 240-v. 
ac Philips miniature reversible motor with a 
long lead and manual key switch for forward and 
reverse movement, The motor drove a shaft on 
Which the box was mounted housing a 6-w. fluorescent 
tube. Ona protractor scale affixed to the mountings, 
the orientation of the slit could be read to the 
nearest .5° using a sharpened metal pointer that was 
aligned with the stimulus. The motor rotated in 
either direction at à speed of 6? per second. 

The apparatus used for the kinesthetic com- 
ponent was similar to that used in an earlier in- 
vestigation (Collins & Singer, 1968, p. 305). It 
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consisted of a handgrip attached to a metal shaft 
which protruded through a wooden screen. To the 
rear of the shaft was attached a sharpened metal 
pointer which enabled readings to be taken on a 
360° protractor scale to the nearest .5°, A Screw 
clamp enabled the handgrip to be fixed at any 
angular position. 

Procedurc.—NWith the exception that S was blind- 
folded by use of opaque goggles on entering the 
laboratory for testing under kinesthetic conditions, 
the procedures remained the same for kinesthesis 
and vision. Each S was given a number of practice 
trials to familiarize him with the apparatus and to 
see that he understood the instructions. All Ss 
were told to make their judgments as quickly as 
possible but not to sacrifice accuracy for speed. 
The E always set the stimulus to the objective 
1 before commencing each trial, A trial 
ted of a pretest, a 60-sec. stimulation period 
anda posttest. [n the pre- and posttest, S adjusted 
the slot of light (v 
that it seemed vertical. The four intervals between 
cessation of stimulation and initiation of the posttest 
that were used to measure the di 
of the aftereffect were 0, 30, 60, and 90 sec. Follow- 
ing stimulation, S rested with occluding glasses 
during the delay period in vision, and with hands 
on knees during the delay period in kinesthesis. 
Each S was given five pretests, the mean of which 
was taken as his pretest score. During the stimu- 
lation period, Ss in the visual conditions fixated the 
slot of light in an otherwise complet y darkened 
laboratory and in the kinesthetic conditions gripped 
the slanted bar while vision was occluded. The 
stimulus wa alternately slanted to the left or right 
of the vertical at an angle of 20° during this period. 
A single posttest was given because of the rapid 
dissipation of afteretfects (Singer & Day, 
5) and to eliminate the possible introduction of 
à learned effect (Collins & Singer, 1968). The 
difference in degrees between the pre- and posttest 
score served as a measure of the aftereffect, In 
compensating for the aftereffect, it was expected 
that Ss would slant the stimulus in the same direc- 
tion as the stimulating slant when making their 
judgments; differences in the expected direction were 
accordingly scored positively, while any difference 
in the opposite direction was scored negatively, 


Results 


The mean differences between pre- and 
Posttests, together with the standard devia- 
tions, are shown in Table 1, The mean- 
square within-groups estimation of the 
Population variance for vision (MS, = -23) 
and for kinesthesis (MS, = 1.12) was used 
to compute the confidence intery. 


al for a 
significant difference between the condi- 


tions (a = .05) with 88 degrees of freedom 


(Rodger, 1965), Any difference between 
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'TABLE 1 
MEANS AND STANDARD DEVIATIONS OF DIFFERENCES 
BETWEEN PRE- AND Postrests (AFTER CTS) 
FOR THE VARIOUS CONDITIONS or DELAY 
FOLLOWING STIMULATION IN VISION 
AND KINESTHESIS 


Delay (in sec.) 


Stimulation - - 
modality 
0 | 30 | oo | 90 
Vision | | | 3 
X 1.68 kr dà | nt 
SD .82 39 i | 28 
Kinesthesis 
X 1.84 08 | 118 A2 
SD 1.13 89 | 105 | 115 


Note.—In the O-sec. and 30-sec.-delay conditions, the differ- 


en vision and kin s was nonsignificant, and in 
the difference was sig 


c. and 90-sec. condition 
5 level. 


vision and kinesthesis for each of the delay 
periods had to exceed |.67| to be signifi- 
cant. The residual aftereffect in kinesthesis 
was significantly greater than vision for the 
delay conditions of 60 and 90 sec. (see 
Table 1). 


EXPERIMENT Il 


A second experiment was designed to 
test the hypothesis intramodally. The 
kinesthetic modality was selected because 
the aftereffect in the hand (involving the 
brachial nerve) could be compared with the 
aftereffect in the foot (involving the long 
sciatic nerve). Many different techniques 
have been used to study kinesthetic after- 
effects involving the upper limbs. Kines- 
thetic tilt aftereffects have been investi- 
gated by Collins (1967a), Day and Singer 
(1964), Gibson (1933), Singer and Day 
(1966), Zacks and Freedman (1963) ; 
kinesthetic width aftereffects by Bakan 
and Weiler (1963), Kóhler and Dinnerstein 
(1947), and Moylan (1964) ; and kinesthetic 
limb displacement aftereffects by Collins 
(1967b), Gibson and Backlund (1963), 
and Nachmias (1953). Of these various 
techniques the one that seemed most 
readily adaptable to the lower limb was 
that of Gibson and Backlund (1963). 
They had Ss place the palms of their hands 
atsome degree of divergence or convergence 
during stimulation and then asked them to 
set palm boards parallel. | Jepending upon 
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the stimulation, the later judgment was 
slanted in the same direction as stimulation. 
The same type of judgment can readily be 
made using the foot. 


Method 


Subjects. — Ninety-six male and female high school 
students between the ages of 14 and 15 yr. were 
assigned to one of cight different groups on reporting: 

Apparatus —The apparatus used to investigate 
the aftereffect in the hands consisted of two smooth 
surfaces, 20 X 12 X 1.5 cm., on which the palms at 
the hands could be placed. The palm boards SS 
mounted on a wooden base and could be pivotec 
around their central axes. They were set 14 ent 
apart at the central axes and could be adjusted in 
any angle of divergence or convergence by the > 
The angles of the planes could be read on à pro- 
tractor scale to the nearest .5?. - 

The apparatus used to investigate the afterellect 
in the foot consisted of two foot boards mountet 
27 cm. apart on the top surface of a wooden stane: 
The foot boards were 30 cm, long and 12 cm. WC e. 
The stand was 66 cm, wide, 38 em. long, 27 cm. high 
distally from S and 8.5 cm. high proximally t9 i y 

its top surface being at an angle of 27° to jm 
horizontal. Each foot board was connected to tS 
stand at the middle of the heel end such that the 
board could be rotated around the longitudinal axis 
of the leg. Two straps and a wooden strip at Tus 
heel held S's foot in position on the board. A meta 
pointer was attached to the midline of each foot 
board at the distal end and indicated on a protractor 
scale to the nearest .5° the angle of divergence al 
convergence of each foot. 
Procedure.—Vrocedures during practice ke 
pre- and posttests, and delay conditions were oa 
same in all respects as for the kinesthetic compone 
in the first experiment except that the judg el 
sisted of setting the hands or feet to a para 


trials 


aie: ; ; > 60-5€C. 
position in the sagittal plane. During the we d 
stimulation period the hands or the fect Were limb 
at an angle of 209. For half of the Ss the ther 


BS . the ol 
position was one of convergence and for the 
half it was one of divergence. 


Results 


The difference between the : 
posttest judgments in the angles of am 
gence or convergence was the measure 5 
the aftereffect. The measure was Sco" col 
positive for greater convergence pe t 
vergent stimulation, positive for m 
divergence after divergent stimulation og 
negative if it was in the opposite dire? 
to stimulation. and 

The mean differences between DT d? rd 
posttests, together with the stan 
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TABLE 2 


D STANDARD DEVIATIONS OF Dirt s 
BETWEEN PRE- AND PostrEsts (AFTER CTs) 
FOR THE VARIOUS CONDITIONS or DELAY 
FOLLOWING STIMULATION OF THE 
HAND AND THE Foor 
| Delay (in sec.) 

Type of stim- | T 
ulation = 
0 30 | 60 90 
Hand 7 
X 3.425 1.37 1.35 wld 
S 263 | 331 $25 | 3.25 
| s 
deviations, are shown in Table 2. The 


mean squares within groups for the hand 
(MS, = 9.75) and the foot (26.52) were 
used to test the significance of the differ- 
ences of each aftereffect from zero with 44 
degrees of freedom (Rodger, 1965). The 
aftereffect had to exceed 1.82 for the hand 
and 3.00 for the foot to be significant. 
While the aftereffect had dissipated after 
30 sec. in the hand, it was still significantly 
different from zero in the foot (Table 2). 


Discussion 


The results from both experiments support 
the hypothesis that the duration of aftereffects 
is related to the length of axons involved. This 
not only provides a basis for the understanding 
of short-term effects and the paradox that the 
behavioral effects outlast the supposed neural 
correlates, but can also Serve as a basis for the 
explanation of long-term Perceptual changes 
such as the McCollough effect (McCollough, 
1965) and the movement aftereffect reported 
by Masland (1969). The findings are also 
consistent with those reported by Thurner 
(1961), who observed shorter durations for 
visual and auditory aftereffects when com- 
pared with kinesthes s. Thurner also observed 
that a kinesthetic aftereffect involving the 
linger joints was of longer duration than a 
kinesthetic aftereffect involving the shoulder 
Joint, 

Although in Thurner's (1961) experiments 
the stimulation time was the same for all 
modalities, there was considerable variation in 
the tasks used. In the present experiments 
the task was uniform and, although there Was 
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a drop in the kinesthetic aftereffect in the first 
experiment at 30 sec., the effect was still 
present after 90 sec. The aftereffect at 90 sec, 
is in accordance with earlier work by Singer 
and Day (1965). The present work should be 
regarded as a preliminary to the study of the 
long-lasting perceptual effects and their dura- 
tion in relation to stimulus parameters as well 
às axon length. 

It seems possible to explain both short- and 
long-term aftereffects in terms of synaptic 
depletion, with decay in aftereffect (replenish- 
ment of presynaptic stores) depending on the 
period of stimulation, the length of axons, and 
the number of neurons involved. The explana- 
tion is confined to the underlying mechanisms 
of these effects which determine their duration. 
No attempt is made to account for the opposi- 
tion between original stimulus property and 
apparent property. This is a different prob- 
lem and explanations have been offered at the 
level of anatomical and functional relation- 
ships of neurons (Over, 1971). 


The theory is speculative since the trans- 
mitters involved in the neural conduction of 
sensory impulses are largely unknown, and it 
needs to be shown that the type of stimulation 
used does in fact lead to presynaptic trans- 
mitter depletion. It may be considered that 
speculation is being compounded when per- 
ceptual data are accounted for by intracellular 
events. Nevertheless specific long-term stimu- 
lation is consistent with transmitter depletion 
of nerve terminals and the long-term sensory 
effects are consistent with the periods of time 
which may be involved in repletion to restore 
normal synaptic functioning. 
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EFFECT OF ACCURACY-EMPHASIZED INSTRUCTIONS ON PERFORMANCE 
» ON AN ATTRIBUTE-IDENTIFICATIO? TASK 
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's were randomly assigned to one of three instructional treatments 
cy emphasized, or neutral) on three problems of an attribute- 
to test the hypotheses that the emphasis on speed: (a) has 


Thirty-six 
(speed 
identif 


à detrimental effect on the performance, 
and (c) can be reduced by empha: izing in 
effects of speed on the achievement of 
hypotheses. 


On an attribute-identification task measured by 
cards to solution (CTS) Laughlin (1964) found no 
significant difference in performance between the 
speed-instructions (SI) treatment which directed Ss 
to attain concepts as quickly as possible regardless of 
the number of card choices, and the accur; ^N 
structions (AI) treatment which directed S 
tain concepts in as few card choices as possible re- 
gardless of the speed of solution, W ien. perform- 
ance was measured by the total time to solution 
(TTS), the SI Ss attained concepts significantly 
faster than AI Ss, "These findings are supported by 
Siegel's (1964) study. 

The apparent nonetfectiveness of AT on CTS in 
Laughlin's (1964) study may have been due to the 
failure of AT Ss to disregard the emphasis on the 
speed of solution which seems to be inherent in a 
test-like situation. Tt is suggested that this inherent 
effect may be reduced by emph ng in the instruc- 
tions to Ss the detrimental effects of speed on the 
achievement of solution. 

It is hypothesized that the emphasis on speed has 
à detrimental effect on performance as measured by 
CTSand TTS. If this is true, then SI Ss will solve 
an attribute-identification task with more CTS than 
Ss under accuracy-emphasized instructions (AEI) 
and with approximately the same TTS, 

It is also hypothesized that the emphasis on speed 
is inherent in a test-like situation. If this is true, 
then SI Ss will not differ significantly in CTS and 
TTS from Ss under neutral instructions (NI). 

The third hypothesis is that the emphasis on speed 
inherent in a test-like situation can be reduced by 
emphasizing in the instructions to Ss the detrimen- 
tal effects of speed on the performance, If this is 
true, then AEI Ss will solve the task with fewer CTS 
than NI Ss and in approximately the same TTS. 

. Method.—The major independent variable, type of 
instructions (SI, AEI, or NI), was combined with 
three minor variables: problem (a sequence of three 
different problems of an attribute identification of a 
conjunctive two-attribute Concept), set (two sets of 
two-binary dimensions, A and B—see the stimulus 
SE STE i in 


; Requests for reprints should be sent to Bohdan K. Wasilew- 
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(b) is inherent in a test-like situation, 
the instructions to Ss the detrimental 
solution. The results supported the 


materials section), and order (3 problems presented 
in 3 different orders in a3 X 3 Latin square design), 
Two dependent measures, CTS and TTS, were 
taken. 

The Ss were 36 students (18 boys and 18 girls) 
randomly selected from 76 volunteers out of 381 
Grade 12 students at Richmond Secondary School, 
Richmond, British Columbia. The Ss were ran- 
domly assigned to three treatment groups. 

The stimuli were 64 white 6.35 X 8.89 cm. paper- 
board cards, containing all possible combinations of 
six binary dimensions: number of figures (one or 
two), size (small or large), color (red or blue), texture 
(solid or slashed), shape (triangular or circular), and 
border (solid or broken). The cards were randomly 
arranged in eight rows and eight columns on a 62.23 
X 82.55 cm. board. The board contained 16 ex- 
emplars and 48 nonexemplars of any binary concept 
based on the above dimensions. A set of values of 
cach dimension and the other set of complementary 
values of the six dimensions were referred to as Set 
A and Set B, respectively. Three conjunctive con- 
ceptual problems were constructed on the basis of. 
randomly selected two-binary dimensions within 
each set. Asa result, the focus card for Set A, given 
to 18 Ss, had these attribute values one, large, red, 
slashed, triangular figure, with a solid border; and 
the focus card for Set B, given to the other 18 Ss, had 
their complementary values, Three conceptual 
problems in Set A were: one slashed figure, large tri- 
angular figure, and large figure with a solid border; 
and the three problems in Set B were complementary 
to those in Set A, Assignment to sequences was 
random, 
ch S was briefed individually, The instructions 
sted of two parts. In Part 1, SI Ss were told to 
ain the concepts as quickly as possible, regardless 
of the number of card choices; AET Ss were told to 
attain the concepts with as few carg choices as possi- 
ble and to disregard the time, since the Speed of per- 
formance would prevent them from achieving solu- 
tion with the minimum of card choices; and NT Ss 
were told only to attain the Concepts: Part 2 gpn- 
repre ds ‘of all exemplars ar LR Dra 
D vipa’? do s Co plans: OF the concept 

arge red figure,” the information that all concepts 


TABLE 1 


NDARD DEVIATIONS FOR CARDS 10 SOL' HON 
o SOLUTION (TTS) 


MEANS AND S1 
(CT 


] 
Performance and SD 
treatment 
; | 
"S | 8.29 
NI 7 
AEI | | 1.89 
cp | | 
SI | 166.2 
NI 120.6 
AE: 187.9 


Note.—n = 12 in each treatment condition, 


AMI means and 
standard deviations are given in seconds. 


to be identified were composed of two out of six 
dimensions represented on each stimulus card, and 
the instructions that after each card selection S could 
offer one hypothesis, which then would be identified 
by E as “correct” or "incorrect." After Parts 1 and 
2 had been read to S, E answered questions by re- 
reading the appropriate part of the instructions; and 
5 was given the first problem and the focus card 
(located in the top left corner of the board for Set 
and in the top right corner for Set B). Choice of 
each stimulus card was made by S at his own rate. 
Upon selection of each card, E designated whether 
it was an exemplar or nonexemplar. When S offered 
the correct hypothesis, he proceeded without a pause 
to the next problem, until he solved all three 
problems. 

Results and discussion.—The effects due to the 
three minor variables (problem, set, and order) were 
nonsignificant, and consequently, the results were 
collapsed over these variables for the analysis of the 
major variable, The means and SDs for the ob- 
served responses in terms of CTS and TTS are shown 


in Table 1. 


SHORT REPORTS 


‘The main effect due to the instructional variable 
in terms of CTS was significant, F (2, 33) = 6.93, 
p «.05 (p = .003). The Newman-Keuls compari- 
son between ordered means was nonsignificant for 
SI-NI (p = .05), and significant. for SI-AEI and 
NI-AEI (p = .01). The main effect due to the in- 
structional variable in terms of TTS was nonsignif- 
icant, F (2, 33) = 1.42, p > .05 (p = .255). 

The results were as hypothesized. The fact that 
the performance of SI and NI Ss seemed to be simi- 
lar indicates that the emphasis on speed. is inherent 
in a test-like situation. The fact that AEI Ss solved 
the task with fewer CTS, and within T TS not sig- 
nificantly different from TTS of SI Ss, indicates that 
speed has a detrimental effect on performance. 

The results from the present study are the reverse 
of the findings of ighlin (1964). Whereas in the 
Laughlin study AI Ss solved the task with no sig- 
nificant difference in CTS and with larger TTS than 
SI Ss, in the present study AEI Ss solved the task 
with fewer CTS and with no significant difference 
in TTS than SI Ss. Thus it appears that AEI Ss do 
perform more efficiently than AI Ss in terms of CTS 
and TTS. This may be due to the fact that AI 5 
were simply told to disregard time, while AEL Ss 
were given the reason for disregarding time. Telling 
AEI Ss that speed would have a detrimental effect on 
achievement of the solution apparently reduced the 
emphasis on speed which seems to be inherent in the 
test-like situation. 


di 
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RE-PAIRING, NUMBER OF ALTERNATIVES, AND MEANINGFULNESS 
IN VERBAL DISCRIMINATION LEARNING? 


JAM R. ULLRICH: 


University of Montana 


The effect of the meaningfulness of the alternatives (words vs. trigrams), the 
number of items (2 vs. 4), and the presence or a bsence of a re-pairing procedure 
(constant vs, variable procedure) on verbal discrimination (V D) learning were 
investigated. Analyses of the total number of. errors indicated that the re- 
pairing procedure had no effect and that there existed an interaction between 
the number of alternatives and mean gfulnes; s The precise direction of this 
interaction was a function of a correction for differential guessing rates. The 
results were interpreted as supporting a frequency theory of VD learning. 


Ekstrand, Wallace, and Underwood (1966) have tached to each W word; hence, there is a greater 
proposed a frequency theory of verbal discrimination difference or ratio and faster acquisition for the 4A 
(VD) learning in which performz ssumed tobe — lists, Supporting this prediction, Radtke and Fox- 
a function of the differential accrual of frequency man (1969) have concluded that 4A lists of words 
units to the right (R) and the wrong (W) items ina — were casier to learn than 2A lists. 

VD task. Kanak and Dean (1969) found a decre- Next, consider the cas 
ment in List 2 performance of a VD transfer task if terials are composed of trigrams. Ekstrand et al. 
List 2 is constructed from List 1 by re-pairing the R (1966, p. 576) have noted that the representational 
and W items; this decrement was not predicted by responses might be formed to the nonintegrated in- 
frequency theory since the re-pairing operation does dividual letters as opposed to the trigrams as a unit; 
not alter the frequency mech nisms which are as- if this is so, it follows that the representational re- 
sumed to be the basis for discrimination. In order to sponses to the trigrams would be less reliably formed 
account for the decrement observed in the transfer — because of confusion between letter: Until the 
task, Wallace and Nappe (1971) liberalized the verbal units are sufficiently integrated, frequency 
counting postulate of frequency theory by appeal- could not be expected to be utilized as a cue, Since 
ing to notions of variability and yoking. The present — integration would be slower with a greater number of 
investigation was designed to determine if it is nec- alternatives, it would be predicted that 2A lists of 


where the stimulus ma- 


essary to modify the counting postulate for sir le trigrams would be easier to learn than 4A lists. This 
j list VD studies and to determine the role of inciden- reversal of predictions for the 2A and the 4A lis ts be- 
"4 tally learned intrapair associations by comparing the 


tween words and trigrams forms the basis for pre- 
dicting the interaction between meaningfulness and 
number of alternatives. It should be noted that it is 
items were randomly re-paired on each trial. In an ‘tremely difficult to specify the precis directional- 
unpublished Paper, Lovelace (1968) has suggested of these predictions because of the di erent initial 
that this procedure will have a negligible effect upon guessing rates of the 2A and of the 4A lists. Any 
performance, attempt to correct for guessing requires one to make 
In addition, frequency theory may be interpreted rather strong assumptions about the underlying 
as predicting an interaction between the number of mathematical structure of the theory, The inclusion 
r alternatives in the VD list and the case with which ofa correction factor would not affect the prediction 
Y frequency units are attached. to the W items, To ofan interaction but would easily affect the direction 
explain this interpretation, first consider the case of predictions for the 24 and the 4A lis Ekstrand 
Where the items in the VD task are common Words, et al. have also noted that frequency. theory makes 
that is, where representational responses are easily no specific predictions about the relative difficulty of 
| made by S. Four-alternative GA) lists should be VD lists that vary in meaningfulness, Frequeney 
r to learn than two-alternative (2A) lists be- theory with the original counting postulate predicts 
| cause performance is posited to be a function of the that there would be no interactions between the 
difference or the ratio betwe an the frequency units — presence or absence of re pairing and other variables 
attached to the R and the W items and because the since the frequency mechanisms would not be altered 
"ame number of frequency. units are assumed to be by the re-pairing procedure. 


spread over thre W words in the 4A lists as opposed Method.—One hundred and thirty. 
to one W word in the 2A lists. This d spersal of fr students « : 


s. 
quency units results in fewer frequency units 


performance of a normal VI) group with the per- 
formance of a variable group in which the R and W 


-six Psychology 
t erved as Ss as part of course requirements, 
t- None of the ‘Ss had any formal classroom instruction 
in verbal learning ad participated in v, X 
als research was supported by Grant MH18695-01 from H verbal lear ming or‘had PASA BRE t verbal learn- 
pe National Institute of Mental Health, United States Public INg experiments, 
calth Service, This s ywasa2x 2 

: his s asa2xXx2%9- ote 

sts for reprints should be sent to James R. Ullrich, sy wasa Pw yg complete 


nt of. Psychology, University of Monete Mista, — ved factorial design in Which the me 
Montana 59801, 


ly random. 
aningfuülness of 
Umber of 


the items (words vs; trigrams), the n alter- 
201 
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natives (two vs. four), and the pairing procedure 
(constant vs. variable) were permuted. The eight 
groups were denoted W2C, W2V, W4C, WAV, T2C, 
T2V, TAC, and T4V. For the 2A conditions, con- 
stant pairing referred to the general VD procedure in 
which each R item was paired with one W item, and 
this pairing was maintained throughout the experi- 
ment. Under the variable-pairing condition, each 
R item was re-paired with a different W item on each 
successive trial. Under the 4A conditions, quad- 
ruples were formed by randomly selecting three W 
items to be presented with each Ritem. For the con- 
stant-pairing condition, the same quadruples were 
presented on every trial; under the variable-pairing 
conditions, a different set of quadruples was formed 
and presented on each successive trial. d 

Each list was constructed from one of two 64-item 
pools. The pool of words was formed by random se- 
lection from those five-letter words which had a 

Thorndike-Lorge frequency rating of AA; the pool of 
trigrams was formed by a random selection of those 
trigrams from Archer's (1960) list, which had mean- 
ingfulness ratings between 48 and 55. 

The R items for the word and for the trigram con- 
ditions were chosen by randomly selecting 16 items 
from each pool. An additional sample of 16 formed 
the W items for the two-alternative conditions; the 
remaining 32 items in each pool served as additional 
W items for the 4A lists. 

The W4C list was formed by randomly creating 

16 quadruples consisting of 1 R word, 1 W word 
from the initial 16, and 2 W words from the remain- 
ing 32 items of the pool of words. The order of 
presentation between and within quadruples was 
randomly determined for each of 30 trials. No at- 
tempt was made to counterbalance order within or 
between quadruples. The W4V list was formed 
from the W4C list by randomly interchanging the W 
words on each trial. The R items occupied the same 
position within and between quadruples for each 
trial as in the W4C list. The W2C list was con- 
structed from the W4C list by deleting the 32 WwW 
items mentioned in the previous paragraph. Within 
each pair of the W2C list, the order of the R and W 
items was identical to the order of the same imbedded 
pair in the W4C list. The W2V list was formed from 
the W2C list by randomly interchanging the W items 
on each trial. The trigram lists were constructed in 
the same fashion using the same randomizations as 
the word lists, 

An IBM 029 key punch was used to present auto- 
matically the stimuli, record the responses, and pro- 
vide feedback. The pairs or quadruples were 
punched, printed, and left adjusted on a Hollerith 
data card beginning in column 3. One blank column 
separated the individual items. The R item of each 
set was punched, printed, and left adjusted begin- 
ning in column 75 of the same card. Sixteen cards 
formed one trial, and a blank card separated the 
trials; the entire set of stimulus materials consisted 
of a deck of (16 4- 1) x 30 — 510 cards for each of 
ied de experimental conditions. The Ss made 
ber indi ponses by punching, without printing, a num- 

icating the position of the item in the set they 
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chose as correct. Each S's responses Were recorded 
ina column between 41and 65; the particular c oumn 
used for a given S was dependent upon the order of 
arrival for the experiment and was constant pord 
groups. The card feed bed and the card read bed of 
the key punch were partially covered to pr yei 
from seeing other S’s responses or from seeing the 
feedback before a choice was made. At any moment 
each S could see only the particular set of items from 
which a choice was to be made and the feedback from 
the previous set of items. The keyboard was D 
tially covered to allow only the responses 1 and 2 
the two-alternative lists and 1, 2, 3, and + for the 
four-alternative lists. 

Each S was assigned to a group based on the order 
of appearance via a randomized block procedure B 
was given instructions appropriate to his group. r d 
instructions differed only with respect to the ki 
amples used to illustrate the construction of the s 
for his group. The S was then given 6 trials at 
practice list consisting of four sets of items. B n 
did not obtain a criterion of 2 successive trials with 
out errors, S was given an additional 6 trials on M 
practice list. The construction of the practice list 
differed from the construction of the experimenta 
lists only with respect to the number of sets of itera 
within the list. When S finished the practice tis 
any questions were answered and the main cana 
ment began. Each 5 proceeded through all 30 t 
at his own pace. 

Results and discussion ~The mean s 
errors made on Trials 2-30 for cach treatment d 
dition are presented in Table 1. A2x2X 2 ana t 
sis of variance indicated that meaningfulness and t - 
Meaningfulness XX Number of Alternatives intet 
tion were significant, F (1, 128) — 8.77 ail 128) 
respectively, p < 01. Pairing procedure FU, 7 
a 


= 1.67, number of alternatives, F (1, 128) E 2 
the interaction of the number of alternatives on 
pairing procedure, F (1, 128) = 2.00, the interac ihg) 
of meaningfulness and pairing procedure, FX 
= 1.65, and the triple interaction, F (1; 128) = - re 
were not significant, thus indicating that the 7. 
pairing procedure had a minimal effect upor hob 
formance. The mean number of errors for n and 
T2, and T4 were found to be 39.3, 34.3, 40-7, cag 
58.8, respectively, by collapsing over the 
procedures. Individual comparisons among c; due 
means revealed that all significant effects wer 

to the greater number of errors under the Ec 


TABLE 1 m 
" "ON 
MEAN NUMBER or ERRORS ror EACH TREAIMES! eee 


= j iaetulne 
| No. of alternatives and meaning! z 


Pairing | 


- Four 
procedure | Two | i 
p l] gp m 1 
| Words | Trigrams | Words — 16 5 
Constant 364 | 31.5 372 | otg 
Variable 324 392 Ms: | 
i i Res 


SHORT 


tion. The lack of significant dilferences between 
W2 and W4 is consistent with results obtained by 
Radtke and Foxman (1969), who found that a four- 
alternative word list was easier only when the num- 
ber of errors was corrected for differences in guessing 
probability. The present results indicated equality 
of W2 and W4 on uncorrected total errors; correction 
for differences in guessing probability would show 
that W4 was easier than W2. Because of the strong 
assumptions involved in determining the appropriate 
correction. factor, no attempt was made to show 
differences between W2 and W4. It should be 
noted, however, that the significance of the inter- 
action between number of alternatives and meaning- 
fulness would not be affected by a correction factor. 

The lack of significant differences due to pairing 
procedures and the significance of the interaction 
between meaningfulness and number of alternatives 
is in accord with the original statement of frequency 
theory. This is somewhat surprising in the sen 
that Ss in the constant groups undoubtedly posses 
information in the form of incidentally learned intra- 
pair associations which did not improve performance. 
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The fact that the pairing procedure was not a potent 
variable is further supported by the unpublished 
work of Lovelace (1968) and by an investigation of 
the statistical power of the analysis of variance. 


The power of this test was sufficiently great to detect 


à difference of one error per item per S with a proba- 
bility of 
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EFFECT OF FORWARD HEAD INCLINATION ON VISUAL ORIENTATION 
DURING LATERAL BODY TILT 


N..J. 


WADE! 


Max-Planck-Institut für Verhaltensphysiologie, Seewiesen, West Germany 


Judgments of the visual vertical were made during lateral body tilts up to 180°, 


for different degrees of head inclination in the sagittal plane. 
the visual vertical from the body median plane were not influenced by 
forward head inclination at any body tilt. 
utricular statoliths is the 


shear force on the 


tion in the frontal plane. 


The effect of body tilt on visual orientation is 
now well documented. In the absence of any visual 
framework a line of light can be adjusted relatively 
closely to the gravitational vertical during tilt. 
There is, however, a general function relating visual 
orientation to the degree of body tilt. For tilts of 
less than about 60° the visual vertical tends to be 
on the opposite side of the gravitational vertical to 
tilt, whereas the reverse occurs for greater tilts up 
to 180°; in this last posi on, the judgments are 


similar to those with the body u right (see Day & 
Wade, 1969), EE N 


The relative proximity of the 
tional verticals during body tilt may be interpreted 
in terms of visual orientation cons ancy (Day & 
Wade, 1969). The mechanism most commonly 


implicated in the maintenance of constancy is that 
eee 


visual and gravita- 


! Requests for reprints should be sent to N: J. Wi 
now at the Department of Psychology, University 
Dundee DDI 3HN, Scotland, 


ade, who is 
of Dundee, 


The deviations of 
the 
It was concluded that the lateral 
adequate stimulus for visual orienta- 


of the statolith System and, more particularly, the 
utricular statolith System. The effective stimulus 
for the utricular System is the force acting tangen- 
tially to the macular surface (Trincker, 1962), 
This force can be modified by tilt or centrifugation, 
or à combination of the two, and it is from these 
Operations that the evidence for utricular involve- 
ment derives (sec Day & Wade, 1969), 

Little attention has been directed to factors 
within the utricular system which may influence 
visual orientation. For example, the position of the 
head in the sagittal plane determines the direction 
of action of the force along the macular surface, 
Consideration has been given only to the lateral 
component of this force Which, because of the 
orientation of the maculae, is essentially 
to the force acting at right 
median plane, The present 
signed to examine whether the | 
alone is of importance for visu 
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frontal plane. To this end, visual orientation. was 
measured during lateral body tilts involving dif- 
ferent degrees of head inclination in the sagittal 
plane. When the head is upright (here defined as 
that position in which the teeth are impressed in a 
horizontal biteboard), the line joining the base of 
the orbit to the external auditory meatus is tilted 
backward by about 12°, such that the utricular 
maculae would be inclined backward by approxi 
mately 40° from the horizontal (see Wade & Schüne, 
1971). Conversely, with the head inclined forward 
by 40° the plane of the utricular maculae would be 
in the region of the horizontal. The consequences 
of lateral body tilt in these two head positions are 
different: magnitudes and directions of the force 
operating tangentially to the macular surfaces; 
these forces can be resolved into the components 
acting laterally and backward or forward. In the 
former case, with the head upright there is a back- 
ward-acting force; lateral tilt reduces the magnitude 
of this backward vector until at 90? it is 0, and the 
lateral vector alone is operating with a maximum 
value of 1 g. Tilts beyond 90? decrease the lateral 
component, but the additional vector is directed 
forward, reaching its maximum at 180° tilt. In the 
latter instance, with the head inclined 40? forward 
so that the utricular maculae are about horizontal, 
the only changing component is the lateral one, 
which follows the same function as in the first Case, 
ie, increasing from 0 at 0° (upright) to 1 g at 
90° and subsequently decreasing to 0 again at 180° 
tlt. In addition to the two head positions men- 
tioned above three intermediate inclinations were 
also examined. For all head inclinations the value 
of the lateral vector would have been the same at 
any given tilt, but the backward forward vector 
tae poe differed for all tilts other than 90°, 

ateral vector alone is operating. [f the 
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Deviation of the visual vertical from the body median plane as a function of le 
(A diagonal line would indicate alignment of the visual vertical with the d 
of gravity. The separate graphs represent the data for each head inclination from upright (0°) 
to 40° forward in the sagittal plane, The points signify the avera 
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ged data for each S, and the 


backward forward component of the macular {pret 
does affect visual orientation in the frontal la 
this would be detected by the head inclination Vi 
body tilt interaction, due to the reversal in 

direction of this component for tilts beyond 90 * 
Method.—Vhe apparatus has been describe 0): 
where (Schóne, 1964; Udo de Haes, 197 


s P -hich 
sisted essentially of a framework upon W Tuc 


M y à rt 
S5 lay prone. Adjustable side and top suppose 
minimiz 


l| any trunk movements during tilt. D 
head position was controlled by means of an e 
vidual dental-composition  biteboard, side am 
clamps, and a head strap. The orientation of i 
head in the sagittal plane was varied by mean? i; 


of forward head inclination to be studied ps 
maintaining the same trunk position, The A 
stimulus object was a line 10 mm. long and 
wide, located 25 em, from S's eyes i S 
center at eye level. The orientation of ae ight 
could be controlled by S using a knob by hs jo" 
hand. The plane of rotation of the line wont” 
stant throughout; it was vertical and in the phe 
parallel plane when the head was upright 
apparatus was situated in a dark room. 
Four Ss, three female and one male, 
in the experiment. All were well practice 1 dese 
visual orientation judgments under conditio 


o 


rw inso alie r sse WEE ae 
The five head inclinations investigated 40 


h pe 
forward. Lateral body tilts of 0° (upie ^i^ w 
30°, 60°, 90°, 120°, 150°, and 


: S "u si 

studied for each head position. Within ^. ice ; 
S made four adjustments to the visual pody ~“ e 
each lateral tilt in ascending order. The ER 


, p ions "atf 
rotated at 2? "sec between the tilt i fow" 
S underwent 20 sessions. The order of ! 
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d inclinations was randomized for the first 5 
ions, one for each inclination, and this order 
à reversed successively for the remaining blocks 
sessions. 

sults and discussion. The data were averaged 
i Ss for cach body tilt and head 
inclination. The de iations of the visual vertical 
from the body median plane are shown in Fig. 1; 
the curves for ach head inclination are given 
separately, A diagonal line would indicate perfect 
constancy; ie., the visual vertical would be dis laced 
from the body median plane by the same degree as 
body tilt, with consequent correspondence between 
the visual and gravitational verticals. Under all 
tilt conditions the visual vertical de ated from the 
gravitational vertical in the direction of body tilt 
(termed the A effect), U tally for tilts of 30° the 
opposite (called the E effect) occurs. However, 
the absence of the E effect in the present experiment 
may have been due in part to the lying posture of 
S, and also to making a series of judgments in the 
tilted position. The A effect increased with in- 
creasing lateral tilts up to 1209, whereupon it 
decreased until the vertical was located relatively 
accurately (on ave age) at 180°. There were, how- 
ever, large individual differences at the extreme 
tilts, as can be seen from the graphs in Fig, |. 
"These results are in general agreement with those 
reported by Udo de Haes (1970), although the 
individual va iations were still large at 180°, 

The degree of forward head inclination did not 
significantly influence visual orientation, F (4, 12) 
= ./0, > .05, nor was there any significant inter- 
action between head inclination and lateral body 
tilt, F (24, 72) = 1,32, b» .05. i 

The results, therefore, demonstrate quite clearly 
that it is the lateral utricular shear component alone 
that is relevant for visual orientation in the frontal 
plane, The variation in the magnitude of the other 
component, whether backward acting for tilts less 
than 90° or forward acting for greater tilts, has no 
systematic effect on the visual vertical. The back- 
ward-acting component, however, does affect visual 
orientation judgments in the zittal plane (Eben- 
holtz, 1970). "That is, with variation in forward 
head inclination the line appears to tilt in the 
sagittal plane. This effect was not investigated in 
the present experiment as the light line remained 
in a fixed relation to S's trunk throughout. Further- 
more, the different head inclinations were associated 
with different gaze directions, varying from straight 
ahead to 40° elevation. Such elevation appears to 
e accompanied by slight ocular torsion, but this 
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is likely to have been minimal under the binocular 
viewing conditions employed, due to the cyclofu- 
sional eye movements generated by the stereoscopic 
cues from the line, No s tematic shifts in the 
visual vertical were evident for the different head 
inclinations with the body upright. 

It would have been instructive to examine head 
inclinations backward of the upright, but con- 
straints of the apparatus did not permit this: With 
the trunk prone the most extreme head. position 
possible corresponded to that with the biteboard 
horizontal. Nonethele » it is reasonable to assume 
that the results obtained for forward head inclina- 
tions would apply in like manner to backward 
inclinations, 

The foregoing analysis has considered only the 
influence of the utricular statoliths on judgments of 
the visual vertical. While it is known that mechano- 
receptors in the trunk do influence visual orientation 
(Day & Wade, 1969), these would have been equiv- 
ently stimulated for all the head positions studied. 
lhe changes in head inclination would have resulted 
in a difference in functioning of the ccular stato- 
liths, However, there is a paucity of evidence 
concerning the function of the saccular system in 
general and little, if any, implicating it directly in 
visual orientation. Therefore, at this initial level 
of analysis it appears valid to consider orientation 
constancy primarily in terms of the utricular stato- 
lith system. 

In conclusion, the results of the above experiment 
indicate that visual orientation in the frontal plane 
isa function of the lateral shear component operating 
on the utricular. statolith system, The question 
now ari as to the precise relationship between 


lateral utricular shear and visual orientation. (cf. 
Schéne, 1964), 
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d 5 iS SIC. 5 TIONED STIMULI: 
NATURAL WORDS AS PHYSIOLOGICAL CONDITIONED STI? E 
FOOD-WORD-ELICITED SALIVATION AND DEPRIVATION EF 


ARTHUR W. STAATS? Ap ORMOND W. HAMMOND 


University of Hawaii 


‘The Ss salivated more to auditorily presented food words than to Hoitoa 
words. Food-deprived Ss salivated more to food words than did nondeprivec 
Ss. The results lend support to a classics 
(attitude) eliciting function of words. 


A classical conditioning theory of the emotional 
(attitudinal) function of language (as well as sensory 
or image word meaning) suggests that certain words 
are systematically paired with environmental events 

A. “that elici physiological responses. The words come 
to elicit part of the response elicited by the environ- 
mental event with which the word is paired, and the 
word can transfer this conditioned response to other 
stimuli with which it is later paired (see Staats, 
1968a, 1971). 

The above publications describe experiments sup- 
porting the first-order conditioning of emotional 
responses to words, as well as experiments demon- 
strating the first author's higher order conditioning 
procedure, using words to elicit the emotional re- 
sponse, The latter experiments have not been unan- 
imously accepted as demonstrations of classical con- 
ditioning, with some experiments supporting the 
conditioning approach and others contesting it. 
There is need for further study. Moreover, the 
internal demands of the theory construction task 
require further empirical specification. One es: 
tial requirement is direct empirical demonstration 
of the relationship of the conditioning principles to 
the physiological level of observation assumed in the 
theory. 

The theory specifies physiological emotional re- 
sponse elicitation by appropriate words in one's 
language. One example, a basic hypothesis of the 
present study, is that food words are systematically 
(if not always) paired with food, and should come 
to be conditioned stimuli for the salivary response.” 
In the study to be described, the expected salivary- 
response-eliciting function of a sample of food words 
was tested, plus another principle from conditioning 
theory. Finch (1938) first showed that extent of 
the conditioned (as well as unconditioned) salivary 
response increases with food deprivation up to 72 hr. 
The present study tested the deprivation principle 


with humans, on the extent of salivation to food 
words. 


! The authors are grateful to Karl A. Minke, who provided 
advice on the experimental design and statistical analy: 

? Requests for reprints should be sent to Arthur W. Staats, 
Department of Psychology, University of Hawaii, 2430 Campu- 
Road, Honolulu, Hawaii 96822. 

? Razran (1936) measured the amount of his own salivation 
MR he said one word, "saliva," to himself in seven languages 
Wi which he was differently familiar—with salivation oc- 
E: Tung to the Gatene of that familiarity. The use of only one 
duc E eene ization, however, and the use of oneself intro- 
retical ret pios in interpretation. The present theo- 
stimulus pus s, n specifying the manner in which a verbal 
cates tine a to elicit an emotional response, also hypothe- 

a class of food words will elicit salivation, 
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F Is" 


il conditioning theory of the emotion- 


Method. 


Twenty-two male and 21 female under- 
; volunteered for the study; 3 were excludes 
ting conditions. The overall data matri 
2X2X2X2X5 or Sw 


was a 
design, where the last two factors were 


measures. The Ss were nested within A ( 
F), B (deprivation: deprived or nondepriv d), 
C (word list: 1 or 2). The D variable was oei 
types of words: food words and nonfood words: 
= was the number of trials in cach type of word. E 
Zach word list had five nonfood words and UY 


food words, randomly mixed. The two lists |o. 
as follows: Word List 1, BLACK, PANCAKES, er 
Bi SECOND, BACON, SQUARE, ANVIL, ERE? 


FRIES, ICE CREAM, IRONY; Word List 2, DARK, pan 
ADVICE, HAMBURGER, LOBSTER, FARCE, EDGE, RIO 
GRAVY, HEAT, 

The Ss to be deprived were asked to not 
breakfast and lunch (solid food) on the day 9... 
experiment, supposedly to assure uniformity amo! 
Ss in an experiment involving digestive proces re 
Nondeprived Ss were asked to eat lunch e 
drink 

E he 


Ss were told the study involved collection of * 
for later analy since different: words coun’ in 
fluence the digestive processes. Each S followe jal, 
structions to swallow all saliva prior to each 
a cotton swab was inserted under S's 
word was presented auditorily, and 20 sec. Jate! at 
cotton was removed. The Ss were told to r de 
the word to themselves once ever veral BER 
Following Razran's (1936) technique, the nie sé 
swabs were weighed before and after absorbi! pein 
saliva during each trial, the weight difference apt“ 
the measure of amount of salivation. Five 
tion trials were run prior to the first word P 
tion, At the end of the data collection 55 ps 
certain questions, for example, time since 1a” 1 galt 
A Mettler, Type P162, electronic chemic? papi 
urate to .001 gm. was employed fF "he 
weighing of the saliva-laden cotton. swab* 5 je 
swabs were Johnson and Johnson, No. 9» f E 


ayo 

"n » Aew 
long. A partition separated Ss from V 
materials. 


a 
salivation scores revealed no differences over 
specific words due to sex (A), deprivation. | ac 
trials (E). A central finding was that 2 ee de 
all conditions did salivate more to food W° 
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to nonfood words (F = 20.57, p < .001). Although 
the word lists were composed by random selection 
of words, the word-list (C) variable produced 
significantly different amounts of salivation (x 
5.63, p < .025). Salivation was greater to List 1 
than to 2. Lack of significance in the relevant 
higher order interaction terms involving the major 
variables of deprivation and word condition (BC, 
CD, BCD) indicated that the word-list difference 
did not interfere with the other two effects. 

The Ss’ answers concerning their food consump- 
tion prior to the experiment revealed that the 
deprived group indicated a mean of 15.8 hr. of food 
deprivation (SD = 1.91) and the nondeprived group 
had a mean of 2.5 hr. of deprivation (SD = 1.77), 
Figure 1 depicts the effects of the food deprivation 
on the extent to which Ss salivated to the food words 
as compared to their salivation to the nonfood 
words. Both the deprived and the nondeprived Ss 
salivated similarly to the nonfood words. The non- 
deprived mean salivation was .0661 gm., the de- 
prived Ss’ mean was .0657 gm. Both groups sali- 
vated more to the food words. The nondeprived Ss 
have a mean of .0756 gm. The effects of food 
deprivation, however, are evident in the greater 
salivation of the deprived group, whose mean saliva- 
tion is 1011, 

The deprivation effects, as revealed in the BD 
(Deprivation X Word Cond ion) interaction, is sig- 
nificant (F = 6.80, p < 025). No significant dif- 
ference occurred in amount of salivation between 
the deprived and the nondeprived Ss in response 
to the nonfood words. While both groups salivated 
more to the food words, deprived Ss salivated sig- 
nificantly more to these words than did the non- 
deprived Ss ( = 246, p < 025). The only other 
significant term in the overall analysis of variance 
involved the four-way Sex X Deprivation X Word 
Condition X Trials interaction, F = 2. 0, p < .025, 
again suggesting a differential word effect. The 
data did not meet the assumption of homogeneity 
of variance. However, the other assumptions are 
met by the data, and the Present levels of signifi- 
cance plus the robust nature of the F test in the 
face of homogeneity violations make any qualitica- 
tion of the results unnecessary, 

The results of Ss’ hunger rating suggested that 
the deprivation manipulations produced different 
experienced hunger. That is, the deprived Ss rated 
themselves at a mean of 4.70 on the 7-point Full- 
Hungry scale, The nondeprived had a mean of 
2:55, 

Discussion.— The results showed that food words 


elicited a salivary response, and that the effect was 
affected by the food-deprivati 


latter is a direct implication of bas 
ditioning 
necessary link to the Physiological level of respond- 
ing for this class of affective words. As such it 
helps support the general classical conditioning 
theory of the emotional characteristics of language 
that has been elaborated. 

It should be noted that this is an overlapping 
theoretical Structure in which various principles and 
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Fic. 1. Mean salivation to nonfood words and 


food words by nondeprived and deprived Ss, 


experimental results are included. (Staats, 19682, 
1971). (a) For example, there is evidence that 
physiological responses can be conditioned to lan- 
guage stimuli and that semantic and attitudinal 
(evaluative) ratings of these stimuli are changed by 
the conditioning. (b) It has been demonstrated 
that natural words that elicit emotional or attitu- 
dinal responses, as shown by ratings, also have 
reinforcement value, and can strengthen instru- 
mental responses on which they are contingent. 
(c) Higher order classical conditioning appears to 
occur when emotion-eliciting words are paired with 
new conditioned stimuli, as measured by rating 
scales. (d) Moreover, this higher order conditioning 
of emotional responses—when food words are used 
às the unconditioned stimulus (UCS) words—shows 
an enhanced effect when Ss have been deprived of 
food (Staats, Minke, Martin, & Higa, 1972), 
(e) The present study shows the same effect of 
deprivation, directly, with the physiological response 
of salivation. When these and other analyses and 
experimental results are considered together, there 
appears to be a theoretical and empirical structure 
With a solid and growing foundation. 

Moreover, the classical conditioning theory of the 
emotional aspects of language has implications that 
extend to various areas of study (see Berkowitz, in 
Press; Byrne & Clore, 1970; Staats, 1968b), For 
example, Hekmat and Vanian (1971), using the 
present author's language conditioning methods, 
paired the word sNAkr with positive emotional 
words. It was found that the phobic Ss so treated 
changed their attitudinal ratings of the word SNAKE. 
Moreover, direct measurement of behavior indicated 
that these Ss would approach and touch an 
snake more than would control Ss. 
tions of the conditioning principles 
should be holstered by additional ba 


actual 
Present applica- 
and procedures 
sie studies, 
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IN RULE-LEARNING PROBLEMS! 


A. KEITH BARTON ¢ 


University of Texas at Austin 


The present report involves an application of two verb, 
the arca of rule-learning problems. More specifi 
tion of relevant values and imagery is inve: 
plexity differences, picture presentation w: 
tion. Contrary to previous expectation 
relatedness produced no discernible salien 
presented the most difficult learning task, 
retrieval advantages for pictures, possible 


values, and stimulus sequencing effe 
the present report was to focus 
those currently being 


A reliable finding within the rule-learning (RI) 
literature involves an ordered difficulty in rule ap- 
plication to concept problems (Bourne, 1970; Hay- 
good & Bourne, 1965). Conjunctive (CJ) and dis- 
junctive (DJ) rules are casier to acquire than con- 
ditional (CD) and biconditional (BCD) rules. 
Several explanations have already been reviewed 
for expected and actual rule-learning differences 
(Bourne, 1970) and will not be discussed in the 
present report. 

Using geometric stimuli, Bourne (1970) 
shown a CJ < DJ « CD « BCD ordering in rule 
difficulty (read “<" as easier). Four dimensions 
with three values per dimension were employed with 
color and form as the relev; 


ant dimensions (Ds). 
However, the RDs can be described as neutral in 
that "red" and ‘ 


"square" have little a priori associa- 
tion value (AV). 


The present article involves the 
two verbal learning variables 
strength and picture ve 


has 


application. of 
namely, associative 
rsus word manipulations, to 


1 ; i ; - 
Bo EPE author wishes to express his appreciation to Lyle E. 
ourne, Jr., and to an À 


anonymous reviewer for their invaluable 
er draft of the present paper. 
prints should be sent to A. Keith Barton, 


Department of Psyc : ate Sci 
‘Austin: Peon Je EVA hology, Au State School; 


comments on an earlie 

? Requests for re 
now at the 
Box 1269, 


cts on rule acquisition. 
attention on other 
studied in rule learning. 


al learning variables 


in 
ally, the role of prior associa- 


Ugated. In addition to rule com- 
as found superior to word presenta- 
s, manipulation of relevant value 
cy advantages, and conditional rules 
Results were discussed in terms of 
unit processing of the two relevant 
A major intent of 
variables in addition to 


rule-learning problems in concept learning.” p 
sequently, RDs which were thought to have # ade 
a priori color object AV were employed ZEB. e 
liretruck" as the relevant. values (RVs). 1 Me the 
manipulation should increase the saliency cum o 
RVs, thereby producing a greater tendency, 
ignore the irrelevant attribute values. Such us in 
nipulation should lead to improved performan 

RL problems. 

Word versus picture presentation wi ation? 
nipulated within the RL p: radigm. Esplanar r 
in terms of storage and retrieval advantage 
high-imagery items and pictures have already < 4 
advanced within the free-recall paradigm S7. 
Rogers, & Smythe, 1908). Because memory 'ü* 
past instances is influential in an RL reception I id 


» Algo M 
is dis 


H E Pre ity sho" 

digm, picture availability and accessibility 

produce faster RL rates than words. ciment 
Method.—The design of the present EXPE" ith 


can be des 


al w 
ribed asa 2x 4x 2x2 factorial * 


. and dominance lev T 
1956). Like the pictoria igr (104. 
í vile E eder . ^ io! 
me tradition the He idbre y icai 

objects" The present. verbal learning Ani, 
however, is to rule learning. a subset of concept 1 


ge UM ae 
is mani io) 
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group (geometric vs, transportation. stimuli), rule 
difficulty (GT, Dy, CD, BCD), stimuli presentation 
(picture vs, word), and RV congruency (congruent 
vs. incongruent) as the four independent variables, 
The Ss were 128 volunteers from an in roductory 
psychology. course at the University of Texas at 
Austin, with random assignment of four Ss to "ach 
experimental condition. All Ss were run indiv idu- 
ally and were naive with respect to verbal learning 
and concept learning experiments. 

Four dimensions with three attributes or values 
per dimension were employed in all rule-learning 
problems with number (1, 3) (small, medium, 
large), and color (red, blue, green) common to all 
problems. In addition, shape (square, triangle, 
circle) and transportation object (firetruck, boat, 
airplane) were employed in the geometrie shape 
(GS) and transportation category (TC) conditions, 
respectively. Color and shape (red square) and 
color and transportation object (red firetruck) were 
the RVs for Cond. GS Congruent (GS-C) and TC 
Congruent (TC.C) rule-learning problems, respec- 
tively. Likewise, green-triangle and green boat 
were the RVs in the incongruent conditions (GS-I 
and TC-1), 

It can be seen that the congruency incongrueney 
distinction is arbitrary in the GS condition while 
there is some basis for the distinction in the TC 
condition. It should be noted, however, that only 
one example per congruent and incongruent 
dition was used in the present study, Cong, 
also a replication of typical stimulus 
used in RI experiments, while Cond. ° represents 
another dimension to allow for the bossible influence 
of prior AV and imagery effects of the RVs. 

Stimuli were presented to Ss on 5X9 white 
index cards following the reception paradigm. In 
the word (W) condition, four words were typed in 
all capitals in the middle of the index cards, always 
in the order of number, s color, and shape or 
transportation Object. A corresponding set of 81 
stimulus cards was used in the pictur (P) condition. 
As is typical Procedure in RI experiments, all Ss 
were fully informed of the entire stimulus popula- 
tion to be used in the experiment. The names of 
the four dimensions with three values per dim 
were typed on separate index cards and remained in 
view of Ss during the experiment. Like vise, the 
RVs for Cond. GS-C, GS-1, TCG, TEA were 
Specifically mentioned to Ss and these values also 
remained in full view of Ss during the experiment. 
, ln all eight conditions (P and W conditions for 
Groups GS-C, GS-1 TC-C, and TC-1), stimulus 
cards were Presented in the same order to equate 
positive-negative instance input. within congruent 
and Meongruent conditions— Es if “two large red 
liretrucks” was the tenth d in TC.C in both P 
and W conditions, then "two large red Squares" was 
also the tenth card in GS.C, Likewise, "two large 
green boats" and "two large green triangles" were 
also the tenth cards in TC-I and GS-1, respectively, 

Each card presented corresponded to 1 trial, and 
criterion of 16 consecutive correct respon or 
100 trials was employed. The 5 responded yrs or 


con- 


is 


Populations 


nsion 


NO to each card as to whether or not 5 thought the 
card was a positive or negative instance of the con- 
cept based on the rule S was trying to learn. Feed- 
back from £ (right-wrong) Was provided to S after 
cach trial. The Ss had as much time to respond to 
a given card with an average response latency of 
approximately 7 see. in Presolution phase, If more 
than 81 trials (cards) were required for solution, 
the first 19 cards were administered again in the 
same order, Each S was Presented with only one 
problem. 

Results and dis ussion.—Trial of last error was 
used to s RL rates for all groups. As expected, 
rule difficulty provided the largest source of vari- 
ance, F (3, 96) 51.15, b « .001. However, the 
actual ordering was C] < DJ « BCD X CD, with 
means of 9,06, 2 -80, 60.90, and 75.50, respectively ; 
a finding at some y; riance from Bourne (1970), 
Subsequent Newman-Keuls tests confirmed that 
CI < DJ and that BCD < Cb, p <01. Em- 
ploying an casy-difficult rule dichotomy, a Sche 
test confirmed that CJ and DJ rules were easier 
than CD and BCD rules, p < .01, Pictures were 
also found to be casier than words, F (1,96) — 4.01, 
P < 05. The main effect of P Versus W is localized 
at the BCD rule. although the Rule Difficulty X P 
versus W interaction does not approach significance, 
405 < p <10. The only remaining source of varia- 
tion was the four-w; interaction including all four 
variables, F (3, 96) = 3.06, p < 05. 

The results of the present report replicate earlier 
findings (Bourne, 1970; Haygood & Bourne, 1965) 
in that learning rates are retarded by increasing rule 
complexit However, the CD rule was found the 
most difficult in the present study, à finding at 
variance with the above studies which found the 
BCD rule the most difficult. The DJ and BCD 
Means are in close agreement with Bourne's Problem 


l means, although the C] and CD rules are 
discrepant. 


The CD and BCD rule reversal observed in the 
present study is an interesting question. in itself 
and deserves further. note, The present results 
establishing CD rule learning as the most difficult 
are by no means unique (Giambra, 197( 
1971). However, recent evidence (Sawyer & John- 
son, 1971) has discounted Previous claims (Giambra, 
1970; Taplin, 1971) that the CD-BCD reversal is 
[ dependent (selection. vs, reception mode) or 
mitial instance dependent (positive vs, negative 
mstance), 

This report makes no Major attempt to resolve 
the CD-BCD rule controversy, but an empirical 
finding i supportive of Sawyer and Johnson's 
(1971) earlier critique of Giambra (1970), The 

I conditions of the present experiment 


); Taplin, 


GS-C and Gs 
represented initial positive and negative inst 
respectively, for CD rules. These two cells are 
typical of previous stimulus Populations employed 
in rule-learning research, and the positive negative 
initial instance js not confounded with the con- 
sruency-incongruency Manipulation (as is the Case 
m Groups TC-C and TCI), As has be 


[ x CN suggested 
before (Bourne, 1970), ne ative (TE) instances are 


ances, 


extremely critical to CD rule ascertainment; how- 
ever, the initial negative instance of the GS-I cell 
for the CD rule took a mean of 20 trials longer than 
the initial positive instance (FF) of the GS-C cell. 
A Newman-Keuls test did not confirm this finding 
however, p 2.05, but the point is that initial 
negative instances most definitely did not improve 
CD performance. 

An apparent explanation for the above CD and 
BCD rule difficulty reversal may reside in the 
stimulus presentation procedure used in the present 
study, in that the natural stimulus population was 
employed. Thus, all 81 different stimuli were pre- 
sented before any 1 stimulus was repeated. The 
above manipulation imparted a 1:2:2:4 ratio for 
TT, TF, and FT, and FF instances, respectively, 
throughout the 81 trials for CD rule-learning prob- 
lems. Perhaps, a constrained stimulus presentation 
which equalizes the number of stimuli from each 
truth-table class may have eliminated the CD-BCD 
reversal in that FF instances are decreased from 
H% to 25% (L. E. Bourne, personal communica- 
tion, 1971). Another crucial variable for the CD- 
BCD rule reversal may reside in the nonrandom 
sequencing of TT, TF, FT, and FF instance: 

Apart from the CD-BCD rule controversy, the 
present experiment is also concerned with imagery 
and prior AV of the RVs. The imagery effect was 
evident from the nine-trial picture advantage over 
words. Oneexplanation may be the reduced memory 
load due to the availability and accessibility of past 
instances with pictures. Contrary to previous ex- 
pectations, prior AV of RVs seems of little signifi- 
cance insofar as GS and TC groups did not differ 
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nor did they interact with rule difficulty, both 
Fs «1. 

In conclusion, present results support one of the 
two previously mentioned hypothesi that pictures 
produce faster RI learning rates than words. The 


contrary results concerning RV “relatedn! may 
be due to the carlier suggestion (L. E. "i 
personal communication, 1971) that such stimt 


may have induced unit processing of the RYG 
thereby impeding the acquisition of a truly 
coding strategy. [n any case, it major intent of hd 
present study was to focus more attention on othe, 
variables in addition to those currently being 
studied in rule-learning problems. 
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Two experiments were conducted to determine, first, whether Ss inform 


purchase strategies were invariant under 


matri; 


ation 


additive transformations of the payoll 


ind, second, whether the effect of additive transformations interacted 


with. experimental setting. Two different experimental settings were used; 


sin Li 
The 


Exp. I used casino player 
at the University of Michigan. 
elfect only in Exp. I. 


The experimental literature, bearing on static 
models of risky decision making, exhibits a conflict 
between theoretical purism and realism (Edwards, 
1961). The purist wants .S to remain in a fixed 
actual wins or 

or has him play for trivial stakes, The 
; on the other hand, feels that Ss respond to 
such unrealistic conditions by inventing strategies 
that permit rapid, thoughtle completion of the 
ask (Slovic, Lichtenstein, & Edwards, 1965). Such 
artifactual strategies can usually be avoided only by 
ensuring that decisions have immediate, substantial 
consequences; this is often impossible in a university 
setting, in which stakes are us tally small and Ss 
(correctly) assume that they receive some minimal 
payments, regardless of E's instructions to the 
contrary (e.g., Argyris, 1968). 

A series of experiments at the Four Queens Casino 
in Las Veg: Nevada, attacked some of these 
difficultie ciated with university experiments, 
This paper reports the results of one of these experi- 
ments, involving the play of an information purchase 
game. The Ss were casino customers who volun- 
teered to play. 

A second experiment was conducted at the Uni- 
versity of Michigan in order to investigate whether 
the University setting would affect the results; this 
second experiment was an attempt at replicating 
the Las Vegas study, although some changes were 
ne iry. 

In both experiments, Ss played a game 
a choice between two alternative predictions. If 
5 predicted correctly, he was paid a Specified 
amount, but if he predicted incorrectly he was re- 
quired to pay a specified amount. Prior to making 
à terminal prediction, 5 could sequentially purchase 
information that should reduce uncertainty about 
which prediction is correct, Edwards (1965) has 
shown that the optimal strategy is to select an odds 
criterion, to purchase information until the odds 
that one prediction rather than the other will be 
correct equals the criterion, and then to make the 
ne C RR 
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s Vega | stud 
additive transformations had a significant 


» Nevada, and Exp. II used students 


favored prediction. The optimal odds criterion, by 
depends upon the difference between the amounts 
that can be won or lost, the cost per datum, and the 
diagnostic value of data. Because V, the difference 
betw amounts that can be won or lost, is not 
uniquely determined, many sets of payotis lead to 
the same 9*, In particular, the addition of a con- 
stant amount to both the amount to be won and 
the amount to be lost does not alter V, and there- 
fore does not change the optimal strategy; V was 
constant in both experiments, but component payotls 
were varied by addition of a constant to both the 
amount of a win and a loss, 

xperiment I.—A modified bingo basket 
tained, with equal probability, s 
blue marbles, or four red and six blue marbles, 
The Ss played with poker chips worth S.10 each. 
The 5s could observe marbles sampled sequentially 
with replacement from the bingo basket at a cost 
of one chip per observation; S could continue to 
purchase observations until deciding to make a 
prediction about the predominant color in the 
basket. 

Two conditions, I4 and In, wer 
Cond. 14 encountered only Payot 
amounts to be won and lost were, respectively, 25 
and —25 chips. The Ss in Cond. In encountered 
only Payoff B, for which the amounts to be won and 
lost were, respectively, 20 and —30 chips. In both 
conditions, the optimal strategy is to purchase 
observations until 5 — F, the difference between the 
number of marbles in the sample of each color, 
equals two. When an S— F of two is reached S 
should terminate sampling and predict that the 
majority marble color in the basket is the same as 
the color of the Majority of the marbles in the 
sample. — "The expected value for the optimal 
strategy is 5 and 0 chips for Cond. la and Ip, 
resp ely. A within-s design was not feasible 

The game was held in a public area 


in Exp. I. 
where prospective Ss could observe which condi- 
Experience with a pilot 


tions were being used. 

study suggested that Ss would not play for Payoll 
B when aware that by “pa ing" they could play 
for more attractive payoff. 

At the start of each trial, E, a professional de; 
drew a card at random from a deck 
playing cards and, depending on 
card, pressed one of two conce 


con- 
red and four 


used. The Ss in 
for which the 


der, 
of standard 
the color of the 
aled keys connected 
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to a PDP-7 computer, The computer was con- 
nected to a marble-counting apparatus which 
counted the appropriate marbles into the basket, 
depending upon which key the dealer pressed. 
The bingo basket was specially modified so that 
randomly selected marbles could be singly viewed 
apart from the other marbles. The dealer then gave 
the player the option of sequentially purchasing 
observations. When the player made his terminal 
prediction he cither paid or was paid the appropriate 
number of chips. The dealer relayed all information 
about play of the game to the computer; the com- 
puter stored this information for later analysis at 
the University of Michigan. 

The Ss were customers of the Four Queens Casino 
who volunteered to play the game; they were free 
to quit at any time. All Ss played the game in- 
dividually, with chips purchased from the casino; 
payment was the amount S won or lost during the 
game. Twelve and 10 Ss, respectively, served in 
Cond. la and In. 

The mean values of S — F, at which Ss stopped 
buying observations, were 1.46 and 2.61 for condi- 
tions Ta and In, respectively. The difference be- 

tween group means was significant by Z test at the 
.01 level. The corresponding mean number of 
observations per trial were 3.40 and 4.42, respec- 
tively. 

The median number of trials played was only 
seven, Five Ss from cach condition quit the game 
as losers. Verbal reports to the dealer indicated that 
most Ss purchased an average of about 100 chips, 
and quit the game if they lost this stake. 

Experiment [1.—Experiment II was conducted at 

niversity of Michigan, with college studen 
Three conditions were used. All conditions 
ted of two blocks of seven trials each ; blocks of 
seven were chosen since that was the median number 
of trials completed by Exp. I Ss. In Cond. Ian, 
the first block involved only Payoff A and the second 
block involved only Payolf B; this order was re- 
versed in Cond. Ina. In Cond. Hy, Payoffs A and B 
were presented on alternating trials, with the order 
of initial presentation counterbalanced, The first 
blocks from Cond. Ilan and Hna are analogous to 
Cond. I4 and Ip from Exp. I. 

The apparatus from Exp. | was not available for 
Exp. Il; in addition some procedural and design 
changes were made. At the start of the session, 
each S was given a 100-chip stake and was informed 
that if he lost h ake he could not continue and 
would receive no payment; this procedure was used 
because many Exp. 1 Ss apparently staked them- 
selves a similar amount and quit when the stake 
was lost. The Ss were also informed that any 
winnings above the amount of the stake would be 
their payment for participation; unknown to Ss, 
they were paid $1.00 minimum. Each chip was 
worth $.05 rather than $.10 in order to reduce the 
variance in Ss’ winnings to an acceptable level 
urns, with marble co 
used in Exp. I, were 

The E the 
equal prob, 


cor 


. Two 
mpositions identical to those 
displayed and explained to 5. 
n spun a roulette wheel to select, with 
ability, one urns S was informed about 
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all contingencies governing urn selection. : de 
and roulette wheel were concealed from 5 de a d 
translucent screen, The Æ then randomly samp! Fa 
marbles until S made a terminal prediction. Be 
S and E independently recorded the color of e 
observation. On the earliest trial the second by 
scheme was presented, 5 was informed : E 
new payoll contingencies and was rennin = ia 
subsequent trials. No 5 was ever given epi. 
dication that two payoll schemes would be us 


Put ) the 
until the second scheme was presented ot 
arliest appropriate trial. E. 
“niversity 9 
Thirty male students from the Wives d 
Michigan served as Ss and 10 were jar fron 
s Es 
assigned to each condition. Payment range 
the $1.00 minimum to $8.75. sends 


The mean values of S — F, calculated from i Ilan 
for individual Ss, from the first blocks of oon a For 
and Ina were, respectively, 1.99 and y for 
comparison, the means from Cond. la and Ti h 
only the first seven trials (or, if less than sev Cran 
number of trials actually completed) were Le i 
2.66. The effects of Payofis A and B in gain 
were opposite in direction to the effect observe 
Exp. L. An analysis of variance, based 0n 2 
Exp. 1 data and the first blocks from. Conc. 
and Hn, revealed a significant interaction, - the 
= 9.68, p < .01. Mean values of S — F imr. 
second blocks of conditions Han and Hina 
respectively, 2.23 and 1.91; mean value 
with Payoffs A and B in Cond. Iy were 
1.83, respectively, None of the betwee 
differences was significant, ‘The overa ray 
number of observations per trial was 4.11 in Exp 
differences were not significant between any 7 after 

Only one S, from Cond. Ian, lost his stake 
completing 13 of 14 trials. , dit- 

Discussion.—Unfortunately, several factor est 
fered between Exp. I and 11. While any 4 in 
could conceivably account for the observe. pa! 
action, the most plausible explanation, p 
casino Ss are accustomed to games in which pi 
are closely linked to the odds of winning, E 
game, if the odds are 4:1 against winning: 


D. 


in 
the 


In 


EA imes the 
bet would have a payoff ratio of four time? pla" 
(Of course, the stake is returned to the are 
he wins.) While few games i k 


in this sense, almost all arc ng 
edge of this principle is widespread ame’ 
customers. 

The casino players! behavior in Exp. 
this principle. As it happens, however: pi 
is not relevant to optimal information sat 
strategies; recall that it is the difference 
ratio, of the amounts to be won and 107 


pu i " .] ane 
relevant. The payoff ratios were e ol 
i 


Cond. 1, and Ip, respectively; but 
winning are controlled by the purchase e 
tion. [t seems quite natural that i aly sft 
unfamiliar game, might demand relatt ati?’ 
odds—and therefore purchase more 
in Cond. In than in Cond. la- were 
Michigan students, on the other hand. a E 
allected by the payoll differences- 
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; " Epwakps, W. Behavioral decision theory, Annual Review of 
may have understood the formal properties of the Psychology, 1961, 12, 475-408 
game better; more likely, they were too ignorant of — Epwarps, V 


$ H : : Models for sta 
conventional gambling lore to be misled by it. <3 


1965, 2, 312-329. 


Stovic, P., LICHTENSTEIN, S, C., & Epwanps, W, Boredom 
REFERENCES induced changes in preference among bets American 
m Journal of Psychology, 1965, 78, 208-217, 
ARGYRIS, C. Som unintended consequences of rigorous 


research. Psychological Bulletin, 1968, 70, 185-197, (Received January 5, 1972) 


al strategies for s 


z 


ing information: 
S, choice reaction times, and human 
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NOUNS, ADJECTIVES, AND SEMANTIC MEMORY : 


ELIZABETH F. LOFTUS: 


New School f 


Social Research 


Two hundred Ss were Presented with 20 nouns and 20 adjectives. If the 
stimulus word was a noun category, Ss were told to write any item that 
belonged in that category (eg, SEAFOOD—ONSTER, CLAM, FISH, etc). For 
adjectives, Ss were told to write any item which had the inherent quality of 

(e.g., HARD—BRICK, ROCK, WOOD, etc.). The mean number of 
? to noun stimuli was greater than the mean number of responses 
idjective stimuli. The number of responses given was found to be 
strongly related to the frequency of the stimulus for nouns, but not for adjec- 


tives. The data support the notion that the semantic memory store is organ- 
ized primarily into noun categories, 


In an carlier study, Freedman and Loftus (1971) memory store at some noun category, whereupon 
presented Ss with a noun category plus a restricting — he can name members of that category which have 
letter or adjective and asked Ss to produce an in- the inherent quality of the presented adjective, 

nee of the category which satisfied the restric- When he has named as many members as he can, 
tion, A general model of the retrieval process he must shift to another Category and begin to 
postulates at least two major steps: (a) entering name items from it. Thus, when presented with an 

egory, and (b) finding an appropriate member z ljective, fewer items should be produced for two 
of that category. [n this model, the umption is sons: (a) S must decide which Category to enter 
made that the memory store is org l primarily — first, and this decision takes time; and (b) 5 must 
into noun categories, This assumption is not meant shift from one Category to another whenever he 
to deny the existence of groups of items having — needs to, and shifting takes time, 
qualities in common (c.g, small, green), but the The present experiment was designed to deter- 
major organization is thought to be in terms of noun mine whether the number of responses given to a 


groupings. . S : : noun is different from the number of responses 
The a sumption that memory is organized into given to an adjective, 
nouns has several important implications. One ob- Method.—The Ss were 200 students at Stanford 
servable consequence concerns the number of words University and the New School for Social Research 
that Sean produce in à given amount of time under A group-testing procedure involving a booklet tech- 
various conditions. li We present a noun category nique was used, with groups ranging in size from 
and give 5, say, ] min. to write down any items 305 48 Ss, he Ss were given notebooks vith ; 
that belong in the category, he should be able to à £ od 


J J i E stimulus word written on the op of e: 
produce more items than if we present him with an KE. 
adjective and ask 


ach page. 


These words were the nouns and adjecti show; 
| à P g s 5 E adjective: 

him to write any items which — ; Table 1. Twenty aE Madi 
Wave the dd : ten in table 1. Twenty nouns and 20 adjectives were 
nave the inherent quality of that adjective, Ac- selected with two criteria in mind 

cording to the model, wher à ; i 


! S is presented with a 
noun category, he enters the Appropriate category 


in his semantic memory and begins to name members 
of the ategory that are stored there. When he sees 
an adjective, however, he must still enter the 


First, they were 
chosen so as to include a wide range of stimulus 
frequencies (Kučera & Francis, 1967). The nouns 
ranged in frequency from a low of 37 (profession) 
to a high of 808 (state). The adjectives ranged in 


; eCHYG, ‘howe frequency from a low of 37 (enormous) to a high 

a" A Canay iiDPored by National Insitute of x 755 (long). The mean frequency for nouns was 

Menta ! Grant MH-20280. 176.6 while adjectives it was ` S 
1 Requeste for int MIT20280. NEL Ga Elisa ? while lor ljectives. it was 213,5. Second, 

NEY School for Social Research, 66 West tee nouns and adjecti 

NOY. M0011, 


] s that had appeared in previous 
studies and norms were selected, so 


as to provide 


TABLE 1 


AND MEDIAN NUMBER OF. RESPONSIS 
Nouns AND TWENTY ADJECTIVES 


Nouns Adjectives 
: a E : 
Noun Fre- Median | Adjective Fr Median 
quency |response quency | response 
activity 116 13 enormous 
animal 68 16 fast 
artist 57 7 foreign 
author 46 8 French 
: 274 15 green 
= M. 393 15.5 heavy 
cloth 43 9 high 
color 141 15 hot 
country 324 16.5 large 
food. 147 15 living 
furniture 39 M long 
metal 61 10 male | 
130 12 mod 
382 1 primitive 
31 11 religious 
105 5 short 
44 small 
808 white 
weapon | 42 winter 
word 274 yellow 
X 176.6 Y | 


some continuity with previous research? A new 

randomization of these stimuli was used for each S. 

The Ss were told that each stimulus would be 
either a noun or an adjective. If the stimulus word 
was a noun category, 5 was to write down as 
many items as he could belonging to that category. 
For example, 5s who were presented with the 
stimulus sEAFOOD might / OYSTER, CLAM, or 
SHRIMP, among other possibilities. If the stimulus 
was an adjective, S was to write down as many 
items as he could that had the inherent quality of 
the adjective. For example, if the stimulus was 
HARD, .S might say BRICK, ROCK, or Woop. The 
procedure was as follows: E said "begin"; S turned 
the page of his notebook and was given 1 min. to 
read the name of the stimulus and write down as 
many items as he could, in whatever order they 
happened to occur to him. A buzzer ended cach 
1-min. trial. 

Results and discussion.—In the following analy- 
ses, all separate responses to the 40 items were 
counted. This means that in the case of nouns we 
counted all responses even when they did not seem 
to belong to the noun category, and in the case of 
adjectives we counted all responses even though 
some did not have the inherent quality of the 
adjectives "Table 1 presents the median number 
of responses given to each stimulus. Means were 
obtained by averaging medians for the two types 
of stimuli. The mean number of responses given to 
noun stimuli (12.03) was significantly greater than 


did not realize until after the experiment was 
that two of the adjectives, MALE and WINTER, might have con- 
fused Ss. Both of these words are homographs they could 
have been interpreted either as nouns or adjectives. In any 
prent the reader has Table 1 available to him, and may see 
ior Punset what happened in these two cases, here was no 
ee that this was a problem for any of the « 
acl Red of the adjecti es, many Ss responded as if they 
Hier dot ies fue instructions to read "anything which some- 
words BUS, er eue quality of the adject: For example, the 
* BUS, FLOWER, and LIGHT occurred in response to YELLOW. 


completed 
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the mean number of responses given to adjective 
stimuli (9.15), (8) = 2.18, p < .05. This result 
is consistent with a model that describes memory 
as being organized primarily into noun gategori 
More detailed analyses of the response protoco’s 
support this general view. When the stimulus wi 
a noun, almost all of the Ss’ responses were x 
stances of that noun category. There was sn 
tendency to group together category members whic! 
have qualities in common. lor example, Sw ee, 
Norway, and FINLAND (all Scandinavian count 
often occurred together in the response protocos 
for COUNTRY. It appears that within many mu 
gories, a variety of subsets often exist subse ; 
whose members are highly associated perhaps a 
result of the fact that they have these qual t L. 
common. These subsets seem to be more idiosy n 
cratic than the main, noun categories, but are Ww 
what consistent across individuals. In canus 
when the stimulus was an adjective, Ss tended 
name a number of items from one noun category 
shift to another category and name a number : 
items from that category, shift again, and 59 Jr 
An actual sample protocol for the stimulus S 
best illustrates this point: FLY, BEE, ANT, EY po 
ER, GRAPE, CHERRY, STRAWBERRY. a 
S named three insects, four body parts, and ee 
fruits. Apparently the re: p item 
in the case of adjective 
shifting from one category to another. h 
of nouns, any “shifting” which may occur 15 
fined within the main noun category itself. — lus 
A second result concerns the effect of stimu in 
frequency on the number of responses S produce? "n 
1 min. The frequency in English, according. is 
Kučera and Francis (1967), for cach stimulus, jn 
given in Table 1. There was a strong corel 
between frequency and number of responses 1s 
noun stimuli, 7 = .47, p < .05. This result iS re 
stent with an earlier finding that the spec ef 
producing a single category member was É 
when high rather than low frequency categ ef 
names were used, and the effect of frequency Pty 
sisted even when the time taken to read and ide! ed- 


son Ss 


_®& Fre 
the category names was removed (Loftus & Frams 
man, 1972). It is tempting to explain these 7 oats 
in terms of association strengths cw ee jo 
The 


gory name and the instance produced. 


ple 
jt? 


high frequency superordinate 1nsecr than 


the lower frequency superordinate BUG. ; ihi 

For adjective stimuli, there was no rela onse 
between word frequency and number of resp od! 
r = .09, p> 10. According to the general r Lid 
discussed in the introduction, the first steP 


att 

H . " & n uU 
retrieval process involves entering the now rego A 
gory. Only after S has entered a noun C^ 5. if 


«ies 


S alite a 
does he find clusters of items that have am odit 
common (e.g., Scandinavian countries). Procl 
words, after completing the first step of tho P 
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` n E iah a iain Ku 5. M, & cis, W. N. Computational analysis of 
S may find a cluster of instances to whic na PIVER present-day American English. Providence: Brown Une 
adiective - ies. i zzli ^ versity Press, 1967. 
adjective applies. It is puzzling that adjective versity Press, $ | 
E T; ^ z Lortus, E. F., & FREEDMA ;L. Effect of category-name 
ci frequency has no effect, but for the moment we have frequency on the speed of naming an i ione Gees peu 
no explanation. Journal of Verbal Learning and Verbal Behavior, 1972, 11, 
343-347. 


" Lortus, E. F., & ScugFF, R, W. Categorization norms for 
| RENGES fifty representative instances. Journal of Experimenial Pan 
M J. L., & Lorrvs, E. F. Retrieval of words from chology, 1971, 91, 361. (Monograph Supplement) 
IAN, J. L., & Lorrvs, E. F. IS 


bi Š ji ^ Learning and Verbal " - 
e, 1971. 10; 107 te e Meat $ (Received January 29, 1972) 
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FAILURES OF CONTINGENCY AND COGNITIVE FACTORS TO AFFECT 
LONG-INTERVAL DIFFERENTIAL PAVLOVIAN 
AUTONOMIC CONDITIONING?! 


KARL SCHIFFMAN 
p^ Unit 


AND JOHN J. FUREDY* 


rsily of Toronto, Ontario, Canada 


According to the "contingency" prediction, in a two-group differential con- 
ditioning design, discrimination between CS4- and an explicitly unpaired 
CS— should exceed discrimination between CS+ and a “truly random" Cs-, 
a stimulus which is uncorrelated with UCS occurrence. This did not occur in 
40 Ss run under an 8-see. CS-UCS delay conditioning paradigm with GSR 
and digital volume-pulse change (VPC) as dependent autonomic variables. 
Moreover, cognitive subjective-conti gency (SC) measures indicated that 
Ss were aware of the contingency difference between the two types of CS— 
stimt Finally, despite the fact that the long CS-UCS interval was sim 
to those employed by investigators who have recently reported that knowledge 
of CS-UCS relationships is important for differential autonomic conditioning, 
y the results, contrary to this “cognitive” position, did not yield any correlation 
between autonomic (GSR and VPC) and cognitive (SC) differentiation 
(CS+ vs. CS— performance). 


It has been indicated previously (Furedy & cognitive prediction, which follows from the view that 
Schiffman, 1971) that the operation of contingency cognitive factors affect diflerential autonomic con- 
ctors (Rescorla, 1967) in differential Pavlovian ditioning (e.g., Wil. on, 1968), is b. stated as the 
autonomic conditioning implies the contingency pre- — assertion that: “verbalised knowledge of CS-UCS 
diction: that if reliable CS+:CS— discrimination is relations is related to the extent of differential 
obtained in a two-groups differential conditioning conditioning [Baer & Fuhrer, 1970, p. 178)". In 

l design, discrimination between CS4- and an a recent test of the two predictions, neither was 
plicitly unpaired CS— (euCS—) will exceed di confirmed with the galvanic skin response (GSR) 
crimination between CS+ and a “truly random and digital volume-pulse change (VPC) 


4 as depen- 
CS— (trCS—), where trCS— is not negatively a 
contingency posi "s applicability to a is adiit 
correlated, but merely uncorrelated, with the occur- Specifically, bn (hi. S apvlicabilivy Site ee LR 
rence of the unconditional stimulus (UCS). The — stimulus des sented CS+ and CS tri 
ar y contingency position, This M 
i à : » " $ Y correct when i o the nonautonomic re- 
1 This study was based on a thesis submitted in partial Ponses which have : i 
This s as ba a thes i artial — sponses ave concerned Rescorla and, with resne 
Uulillment of the requirements for the masters degna, oo the — which the CS "ug and, with respect to 


Niversity of Toronto by the se: 
Vision of the junior author. This 
$t the meeting of the Psychonomic 
Der 1971, and was supported. by 
Research’ Council. (AP? 222) and 
(870-07 10), 

c Requests for reprints should be 
Department. of Psychology, Universit 

Canada. 

° This prediction is clearly derivable from Rescorla's stated 
application of the contingency Position to differential Pavlovian 
Conditioning (Rescorla, 1967, p. 74). but a later statement 
that “the contingency approach only predicts this difference — test the 
(between euCS — and trCS —) when the CS is tested in the ditioning 
Presence of some other excitatory stimulus CRescorla, 1967, 

D. 78] may, at first sight, appear to negate the present and Clear and le 
Previous (Furedy & Schiffman, 1971) methods of testing the various CS. 


r í neutral" in the sense of 
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dent autonomic variables (Furedy & Schitiman, 
1971). 

That test, however, employed a CS-UCS interval 
of .75 sec. in order to ensure reliable CS+:CS— 
discrimination (Furedy, 1970). Because such short 
CS-UCS interval arrangements for autonomic con- 
ditioning require the use of CS+ alone test trials 
to evaluate CS+:CS— discrimination, some in- 
vestigators believe, as detailed elsewhere. (Furedy 
1968, pp. 70-71), that any obtained CS+:CS— 
difference can be accounted for solely in terms of 
orienting-reaction (OR) reinstatement to change 
from paired CS+UCS trials to omitted-UCS C54 
test trials. Accordingly, in the present test of the 
contingency prediction, a CS-UCS interval of 8 sec. 
was used to allow CS+:CS— discrimination to be 
measured independently of any OR effects due to 
change from CS + UCS to CS+ alone trials. 
Moreover, the use of a longer CS-UCS interval 
also served to eliminate a potentially relevant 
difference between previous confirmations of the 
cognitive prediction (e.g, Baer & Fuhrer, 1970) 
which have generally employed CS-UCS intervals 
of about 8 sec., and Furedy and Schilfman's (1971) 
disconfirmation of the prediction, a disconfirmation 

based on the shorter ,73-sec. CS-UCS interval. 

Finally, another potentially relevant aspect of the 
confirmatory studies is that the CS+ and CS— in 

these experiments have typically been in the same 
modality (usually two tones of differing frequency), 
whereas in all the autonomic differential conditioning 
studies run in the Toronto laboratory, in order to 
maximize CS+:CS— discrimination, the modality 
of the two CSs has been varied with tone and light 
as the counterbalanced CS+ and CS8—. — Accord- 
ingly, in the present experiment, the CS modality 
factor was varied between Ss to see whether the 
cognitive prediction would be more clearly confirmed 
with the unimodally than with the multimodally 
varied CSs. 

Method—-The Ss were 40 undergraduates from 
the University of Toronto, who participated either 
to fulfill a course requirement or for $1.50. 

The apparatus, including the visual CS, was the 
same as that used by Furedy and Schiffman (1971), 
except that two auditory CSs were employed. Both 
CSs were 79-db. SPL delivered through a speaker 
above Ss head over a continuous 70-db. background 
white noise, but the high and low tones were 3,500. 
and 800 Hz., respectively. 

The procedure employed 8-see. CSs which, on 
CS + UCS trials, were followed immediately by 
the .3-see, UCS (2.0-ma. shock) in a delay-con- 
ditioning paradigm. For half of the Ss (multimodal- 
CSs condition), the 3,500-Hz. tone and the light 
served as CSs, with the nature of CS (tone vs. light) 
being counterbalanced. For the remaining 20 Ss 
(unimodal-CSs condition), the two tones served as 
C55, with the nature of CS (3,500 Hz. vs. 800 hz.) 
being counterbalanced. Before conditioning, all Ss 
received a series of separate CS and U trials 
prse Rau. fug the C54 and cs- trials 

hree | trials; the 


intervals between these preliminary trials varied 


alone 
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domly between 30, 40, and 50 see, “Then, as n 
redy and Schiffman (1971), the conditioning 
trials series for the 20 Ss in the euCS— group com- 
prised 12 pairings of CS+ with UCS, 15 euCcs— 
tri and 3 CS+ alone trials, presented, respec- 
tively, after 0, 6, and 12 CS + UCS t From 
S's viewpoint, the nature of the trials was un- 
systematically ordered, and the intertrial interva 
varied randomly between 30, 40, and 50 sec. Vor 
the remaining 20 Ss in the trCS —. group, the cone 
ditioning-trials series was the same as for the euCS 7 
group, except that the 15 euCs— trials were r 
placed by 15 trCS— trials. These trCS— tria 
asin Furedy and Schiitman, were randomly allocatec 
over the total conditioning session, so that trC8— 
occurrence was independent of, or uncorrelated with, 
UCS occurrence. In the present case, the allocation 
of the 15 CS— trials resulted in 2, 3, 5, and $ 
occasions, respectively, on which a UCS followed a 
trCS— within 0-20, 20-40, 40-60, and 60-1207 
sec., with the last trCS— occurring after the last 
UCS. This contrasts with the CS-+, which We? 
followed by a UCS after 8 sec. on 12 of 15 occasio 
and with the euCS—, which was never followed PY 
a UCS within 29 sec, ‘The complete experimenti 
design involved the orthogonal variation of the 
following between-Ss factors: modality (multimoda 
vs. unimodal CS variation), nature of CS (light of 
800-Hz. tone ys. 3,500-Hz tone), and type of C97 
(euCS— vs. trCS—). These factors were counte™ 
balanced with respect to the within-Ss. discri" 
nation (CS+ vs. CS—) factor Finally, in addition 
to the autonomic GSR and VPC, subjective CO” 
tingency (SC) measures were obtained for a 
and CS at the end of the experiment, as detailec 
previously. (Furedy and Schiffman, 1971, p- 162): 
Briefly, SC represents S's estimate of the degree 9 
correlation (positive or negative) between CS ane 
UCS occurrence. 

Resulls—With the long CS UCS interval 
here, multiple autonomic responding can occur (e 
Prokasy & Ebel, 1967). The latency criteria. 5 
for such responses wese similar to the erit 
employed in an earlier GSR and VPC condition 


used 


study in which a 7.5-sec. CS-UCS interval M 
employed for one group of 80 Ss (Furedy, rate 
Specifically, first-, second-, and third-interval 67 igi 

ance occurri 


ed 


transformations 


for 


l were used, respectively, 971): 
GSRs and VPCs, as in Furedy and Schiffman a or 
The contingency prediction was tested for ere 
nomic responding in only those intervals ve 
clear and reliable CS+:CS— dis 
observed. This was so in the case of the data 
interval GSR, in which preliminary-trials ‘ 
yielded no significant difference betwee? ance 
performance (X = 1.81) and CS— performs v, 
(X = 1.74), F € 1, but in which the conditio" p. 
trials data ded significantly higher c» antca 
formance 2.32) than CS— perforin’ 


SHORT R 


EPORTS 
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E 


GSR 


30 


MEAN CONDUCTANCE CHANGE 
MEAN % VOLUME - PULSE CHANGE 


Fic, d; 
and cogni 
rcs 


Autonomic first-interval 
tiv C (right panel) m 
S= (N = 20) groups. 


anel) and fir 
asures after conditionin 


1.60), F (1, 32) = 31.82, p < 001. Reliable 
S— discrimination also emerged in the 
first-interval VPC, in which preliminary-trials data 
yielded no significant difference between CS4- 
performance (Ñ = 30.17) and CS— performance 
(X = 28.53), F< 1, but in which conditioning- 
trials d: “Ided significantly higher CS+ pe 
formance 29.25) than CS— performane 
(X22 (1, 32) = 8.93, b «.01. The 
modality factor (multimodal vs, unimodal CSs) did 
not interact with discrimination (CS+ vs. CS—) 
for any of the GSR or VPC responses, but there 
were interactions of modality with the nature-of-CS 
factor (light or 800-Hz. tone vs. 3,500-Hz. tone) 
during both the preliminary and conditioning stages, 
These interactions were in all cases due to the light 
and 800-Hz.-tone CSs producing equal responding, 
but the 3,500-Hz.-tone CSs producing a higher level 
of responding than either of the other two CS 

The left (GSR) and center (VPC) panels of Fi 


“aow the data relevant 


to the contingency pre- 


diction: that CS+:CS— discrimination in the 
euCs — group exceed that in the &CS— group. 
Inspection of the panels indicates that even the 


trends Were contrary to the 


for both autonom 
Sures th 
the tre 
group. These trends, howeve 
Significance for either 
generous test of the 


contingency prediction 
ic measures, since for both me. 
€ mean algebraic CS-E:CS— difference 
S-— 


in 
group exceeded that in the euCS— 


r, did not approach 
measure, / « 1. A more 
contingency prediction is to 


Eu 


CS+ 


SUBJECTIVE CS-UCS CONTINGENCY (% FULL SCALE ) 


trCS- euCS- trCS- 
group group group 
interval VPC (center panel) measures during conditioning 
g on CS+ and CS— trials in the enCs — CN = 20) and 


examine only late trig 
may be expected to de 


s, since euCS — inhibition 
‘velop over trials. Although 
such a test is not justified on statistical grounds, 
since there was no reliable Discrimination X Trials 
interaction during conditioning in either GSR or 
VPC, the data were, nevertheless, examined for 
mean performance over the last five conditioning 
trials (11-15 For GSR, these mean values were 
2.45, 1.87, 2.37, and 1:35, respectively, for CS+ in 
> euCS— group, euCS—, CS+ in the trCSs— 
group, and trCS—; for V » the corresponding 
values were 27.7, 22 5, 28.9, and 18.7. Inspection of 
as in the case of the 


these means indicates that 
rformance shown in Fig. 1, 


overall conditioning pe 
contrary to the contingency 


even the trends are 
prediction, 

The SC results are shown in 
of Fig. i As for 
cognitive discrimin 
Was obtained as 
with CS+ being 


the right-hand panel 
the autonomic measures, clear 
ation of CS-UCS contingencies 
regards the CS-4- :CS— difference, 
judged to be More positively cor- 
related with the UCS than CS—, 4 (39) = 12; T, 
P X€.001. However, in Contrast to the autonomic 
trends, the CS+:CS— difference in the euCs — 
group did d the same difference in the trCS— 
group, /(38) = 1.69, P < .05, one-tailed. This SC 
outcome, unlike the autonomic Outcomes, is con- 
sistent with the contingency prediction, 

The cognitive prediction was tested for all 
nomic measures by computing 
correlations the 


auto- 
product-moment 


between extents of 


autonomie 
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discriminations on the one hand and the extent of 
cognitive SC discrimination on the other hand. For 
all measures, extent of discrimination was defined 
as the algebraic difference between CS+ and [e 
scores for each of the 40 Ss. The obtained corre- 
lations between SC and first-interval GSR, second- 
interval GSR, third-interval GSR, first-interval 
VPC, and second-interval VPC, respectively, were 
10, —.12, .03, .07, and —.10. None of these 
correlations approached significance, and several 
were negative. Then, to see whether, as suggested 
in the introduction, the cognitive prediction would 
be more clearly confirmed with the unimodally 
varied CSs, the same five SC-autonomic correlations 
were computed for only those 20 Ss for whom the 
two tones served as the CSs. However, none of 
these correlations approached significance. 
Discussion.—The first-interval GSR and. VPC 
yielded reliable autonomic discrimination, but the 
contingency prediction was not confirmed. Indeed, 
as with the previous disconfirmation with the shorter 
CS-UCS interval (Furedy and Schiffman, 1971), 
even the trends in both autonomic measures (Fig. 1) 
were in the opposite direction to that expected on 
the basis of the contingency prediction. The failure 
to obtain reliable discrimination in the second- 
interval GSR is inconsistent with both the results 
of Prokasy and Ebel (1967) and of Furedy (1970); 
only the former investigators also obtained reliable 
third-interval GSR discrimination in contrast both 
to Baer and Fuhrer's (1970) and the present third- 
interval-GSR results; Furedy, but not Prokasy and 
Ebel, recorded second-interval VPC, and, and as in 
the present study, obtained no reliable discrimi- 
nation in this autonomic measure. Taken together, 
these results suggest that post-first-interval re- 
sponding in the GSR and VPC does not readily and 
universally yield reliable discrimination. Moreover, 
if the first-interval responses which did show reliable 
CS+:CS— discrimination here are conceived of 
only as ORs (e.g., Prokasy & Ebel, 1967, p. 255), 
then it follows that the contingency prediction was 
tested in the present instance only for conditional 
ORs. It bears emphasis, however, that the test 
could not have been confounded by any OR rein- 
statement effects. resulting from the change from 
paired CS + UCS trials to omitted-UCS CS+ test 
trials, because, in contrast to the conditions of the 
previous study (Furedy & Schiffman, 1971), the 
long CS-UCS interval used here exceeded the mea- 
surement periods of both the first-interval auto- 
nomic responses in which reliable CS+:CS— 
discrimination was demonstrated. 
_ The cognitive prediction was indirectly discon- 
firmed by the fact that the SC results, in contrast 
to the autonomic results, were consistent with the 
contingency prediction, which suggested that .Ss 
were aware of the contingency differences considered 
important by the contingency position. (Rescorla, 
1967). However, the cognitive prediction was more 
directly disconfirmed by the consistent failures of 
any reliable positive correlations to emerge between 
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extent of cognitive and autonomi discrimi- 
even when these correlations were examine 
in the subset of Ss for whom the CSs were unimodally 
varied. The present disconfirmation of the cognitus 
prediction does not neces wily conflict with p 
and Fuhrer's (1970) finding that Ss differentiate? 
of CS-UCS contingency; 


in terms of accuracy Í c ani 

verbalizations were also differentiated in tern E 
i i ing. The appa 

differential autonomic responding. The api 


se 0 
conflict between. the present results and tho 


UNT S ; jo ; the 
Baer and Fuhrer's (1970) is readily pasiva hee 
possibility that the cognitive prediction holds om 


des T inaccurate 
when Ss are split into accurate versus mat 


x : d the 
verbalizers of CS-UCS contingenc W ne dica 
"se isconfirmati * cognitive pred! 
present disconfirmation of the cog contd 


suggests is that such a dichotomous classifica 
the CS-UCS relational awareness dimension 
& Fuhrer, 1970) may obscure a breakdown 4 
cognitive-autonomic relationship over interme 
values of relational awareness, values W 4 
tapped adequately only by the continuous 11) 
sure used here and by Furedy and Schiffmar © o 
It is also worth noting that the genero, M 
application of the present results is limited bY c 
failure to obtain reliable second-interV? es 
discrimination, especially since it has been suse 969 
by some investigators (c.g., Fuhrer & Bach 
that this response is more influenced by poe othe" 
factors than is the first-interval GSR. On SR 
hand, as in Baer and Fuhrer's (1970) &XD9 C. qid 
both first-interval GSR and first interval 
show reliable autonomic discrimination. lid show 
clusion, then, for those responses which € che 
iable discrimination, both the cognitive G 
contingency predictions were relatively " 
cally disconfirmed by the present res a 
suggest that, as in the case of short-intery shot 
ditioning (Furedy & Schiffman, 1971), one 
not assume that either contingency O" 
factors necessarily affect. long-interva 
l'avlovian autonomic conditioning. 
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OF MODALITY AND SIMILARITY ON CONTENT RECALL! 


CHASF 


‘sity 


In S. Sternberg's 1967 context-recall task, the search rate through short-term 


memory w 


a function of the sensory 
item were presented in the same mode 


modality: If the memory set and test 


(auditory auditory or v ial-visual), 


search rates were 48 msec. faster than for opposite-mode presentations, 


In Sternberg's (1966) item- cognition task, Chase 
and Calfee (1969) found that when the memory set 
and test item were presented in different modalities 
(auditory vs. visual), search time was consistently 
slower than when the same mode w sed. The 
slower search rates in the cross-modi suggest 
that some of the original sensory information still 
remains in short-term memory even when verbal 
materials are encoded. Studies by Posner and his 
colleague. leg., Posner & Keele, 1967), using a 
same-dillerent judgment, support thi sumption. 
That is, responses to items presented in the same 
mode (within a few seconds of each other) are 
always faster than those in mixed modes. 

Chase and Calfee (1969) further failed to find a 
Consistent effect of acoustic confusability, although 
Conrad (1964) and many others have shown that 
acoustic similarity is a major source of interference 
in short-term memory tasks requiring recall of 
verbal materials. These effects of acoustic inter- 
ference at recall occur regardless of whether the 
original material is presented visually or auditor- 
ily. Chase and Calfee, howeve reported slower 
search rates through acoustically confusing material 
in only one of three item-recognition experiments, 

The implication. of Chase and Calfee's (1969) 
findings is that in the item-recognition t sk, the 
comparison does not always involve an acoustic- 
articulatory match but rather a sensory match is 
made if the modes are the same, and a higher level 
comparison is made if the modes are mixed. Chase 
and Calfee reconciled their findings with Conrad's 
(1964) by suggesting that perhaps the item-recogni- 
tion paradigm does not involve the acoustic- 
tory process that produces 
acoustic similarity with recall. 

The purpose of this experiment is to examine the 
cflects of moda y and similarity on Sternberg's 
(1967) context-recall paradigm. This task is very 
similar to the item-recognition task except that 
upon presentation of the test item, 5 must name the 
Next item jn the memory set that follows the t 
Hem, In the item-recognition task, S must say 
Whether or not the test item js a member of the 
Memory set. We expect a large effect of acoustic 
Similarity and no effect of modality if, as Chase and 
= 


articula- 
interference due to 


est 
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Calfee (1969) suggest, a recall paradigm is the 
critical factor in Conrad's (1964) acoustic confusa- 
bility effect. 

Method.—Kach trial of the context-recall para- 
digm consisted of a memorizing phase followed by a 
test. phas During the memori ing phase, S was 
presented with a list of three to six letters of the 
alphabet. When .S indicated that he had mem- 
orized the list, the test phase followed with the 
presentation of a single test letter from the list, 
The Ss task was then to name, as quickly as pos- 
sible and. without errors, the letter following the 
test letter in the memorized list. If the test letter 
was the last letter of the | t, then the response was 
the first letter of the list. The S's latency was mea- 
sured from the onset of the test letter to the vocal 
response. 

Lists and test letters Were presented either visually 
or aurally. During visual presentation, the memory 
set (typed in elite capitals) was seen on the top 
of a 5 X 8 card. Auditory presentations of the list 

i repeating the memory set, at ap- 


consisted of Æ 
proximately 2 letters/sec, with a I-sec. pause at the 
end of the list. 

The S took as much time as he wanted to mem- 
orize the lists. For auditory: presentations, the 
number of repetitions of the memory set varied 
anywhere from 1 to as many as 10, depending upon 

ize of the memory set, and the type of material, 
For visual presentations, .Ss used less time, but 
again the time depended Upon S, the size of the 
memory and the type of material. 

Ifa visual test followed, 5 pressed a button, looked 
into a Polymetric two-channel tachistoscope, and 1 
see. later the test letter appeared and the timer 
started. At a Viewing distance of 39.6 em., the 
test letter, as well as letters in the memory set, 
subtended a visual angle of about 24’ vertically. 
If an auditory test followed, S said "ready" and 
looked into the tachistoscope. The E then said 
"ready," paused about 1 sec., and then said the test 
letter, which started the timer and presented a 
blank field in the tachistoscope, 

The three types of material we 
(A, D, H, I, M, Qi X2). visually 
(B, C, D, G, O, Q, R, U), and 


TC neutral letters 
confusable letters 
acoustically confusable 


letters (B, C, D, E, P, V, Z). Visual similarity 
was defined by an a priori Overlap measure and 
acoustic confusability Was based on Conrad's 
(1964) confusion data, The sets were closely 
equated for naming time and frequency of ir- 


rence in the English language., 


219 


t2 
l2 
c 


NEUTRAL 


Lyy = 551*58N 
Lya = 378*83 N 
Lay 2445+85 N 


Laa = 429*41 N 


LATENCY (L) IN MSEC 


st- auditory 


Eight Ss served in all four combinations of audi- 
tory and visual memory set and test letter presenta- 
tions: Visual list- visual test (VV), visual list 
auditory test (VA), auditory list-visual test (AV), 
and auditory list-auditory test (AA). The order 
of these four conditions was counterbalanced across 
Ss with a 4 X 4 Latin square. 

For each of the four sessions, there were 192 
trials plus 12 lead-in trials. The 192 
sisted of 64 trials for cach memory set size (3, 4, 5, 6) 
within each type of material. Each serial position 
of the test item was tested approximately equally 
often. The order of the 192 trials was randomized 
for each S and each session. Each session lasted 
about 14 hr, there was a short break after 96 
trials, and only one session was run per day. 

Results.— Reaction time was a linear function of 
memory load under all modality and similarity 
conditions, the linearity accounted for 99,5; of 
the varianee due to memory load, and there was 
no significant lack of fit, F (2, 21) <1. Finally, 
there were strong serial position effects (all ps < .001) 
with the latency generally increasing linearly from 
Serial Position 1 onward, suggesting a serial self- 
terminating search process. All of these results 
ue in accord with the original findings of Sternberg 
(1967). Hence, we use the slope of the line as a 
measure of the memory search rate. With a self- 


trials con- 
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CONFUSABLE 


Lyy = 556+73N 
Lya = 392+71 N 
Lay Z 410408 N 


Laa = 292+ 76N 


3 4 5 6 
MEMORY LOAD (N) 


action of memory load for cach similarity condition and each 
uiditory test CV idi i i 
al list-visnal test (VV), 


VISUALLY ACOUSTICALLY 


CONFUSABLE 


Lyy = 420 +103 N 
Lya = 249 +107 N 


Lay 2377+123 N 
Laa Z30I+8IN 


3466 


tory list visual test (AV), v 


terminating search, the memory search rate Lo 
twice the slope of the regression line since 55 Ed 
half of the list on the average before finding t 

test item. The average slope of 84 msec. iM bs te 
experiment is interpreted as a memory search S 
of 168 msec ‘item. The intercept and slope part 
eters are shown in Fig. 1 for the modality § 

similarity conditions. 


t expert 
br es 
n wel 


The most important result of the presen 
ment was that the search rates were faster 
msec item when the memory set and teat uto En 
presented in. the same mode (AA, VV) vaunted 
opposite modes (AV, VA); this contrast acc y gui 
for 96*, of the variance due to the Memon he 
Modality X Test Item Modality interaction jet It 
search rates, F (1, 7) = 86, p <.001, 1 his P 
is very similar to that reported by Chase ant 
(1969) for recognition latencies 


[ 
The basie finding involving similarity WH one 


neutral letters (58 msec item average) — in 
contrast. accounted for 836, of the vor” wh 
search rates due to similarity, £ Oy n = astral 
p € 001. The 30-msec, difference betwee! n at 

and visually confusable search rates was not 77 a 
tically significant, F (1, 14) = 4.1. Again 
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result is similar to that reported by Chase and Calfee 
(1969) for recognition latencies 

There were no intera "tions involving modalities 
and similarities, which is again consistent with 
Chase and Calfee (1969). 

In the present experiment, the intercept for 
auditory test items was 120 msec. lower than for 
visual test items, à result almost identical to Chase 
and Calfee’s (1969) results for recognition latencies 
(118 msec.) This contrast accounted for 45°% of 
the variance in the intercepts. Although the vari- 
ance in the intercepts was too large to establish 
the reliability of th ct, the main effect of test- 
item modalit highly significant (p < .001). 

There were also some artifacts in the intercepts 
that should be pointed out. For example, the inter- 
cept for acoustically confusable materials was 75 
msec. lower than for the other two conditions. And 
for the modality condition | equating for the mo- 
dality of the test item, it can be seen in F 1 that 
steeper slopes were generally ed with lower 
intercepts (eg, AV vs. VV). This is due to the fact 
that the cro: modality effect and acoustic similarity 
had their effects at larger memory load id laten- 
cies are about the same for all conditions for a mem- 
ory load of three items (with the exception of the 
test-item modality, which is a real effect), and ex- 
trapolating back’ to zero distorts the intercepts. 
Although. we are mainly concerned With the slopes 
in this study, two points should be made, First, 
no psychological significance should be attached to 
the intercept eleets in this case, And second, it is 
important to € € caution in interpreting. the 
intercept in the s al search model; the model in 
fact needs to be extended to get a clear estimate of 
the intercept. 

Table 1 illustrates several important results 
concerning errors: (a) Errors increased with memory 
load (p < .001), (b) For memory loads of five and 
six items, there w; ial position effect (p < .001, 
in both cases), rial position effect resembled 
the classical serial position curve, except that the 
last item in the list showed more errors than normal, 
probably because the item Was associated with the 
first item of the list. (c) There were more errors 
for acoustically similar material, but only for mem- 
ory loads of five and six items (p < .001 ), and then 
only for items in the middle of the list (p < .001). 

lt is interesting to note that with a list of six 
acoustically confusable letters, 5; Wweraged as much 
as 3366 errors in the middle of the list even when 
they were given as much time as they needed to 
Memorize the | (Ss generally did take longer on 
the larger acoustically confusable lists). The error 
Cata, then, are in agreement with Conrad (1964) 
that acoustic similarity js a powerful cause of 
forgetting in short-term memory. 

iscussion.—The most inter 
Present experiment is the faster earch rates when 
the Memory set and test item arc presented in the 
same Modality, a result quite similar to that found 
by Chase and Calfee (1969) for recognition memory, 
his finding agrees with the hypothe 
sensory information is alse stored 


ing result. of the 


sis that specific 
in. short-term 


TABLE | 


ERROR PERCENTAC 
Memory Loan, 
AND S 


kt 
z OF SIMILARITY, 
Posimiox 


Similarity 
Memory —— 
load ] | 
Visual | Acoustic | Average 
H 24 
$e | 
10.6 
6.1 
1 4.7 
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Lo) 
10.2 | 
*0 | 
| 
5 1 & | 
| IES | 
Dei 
Ime 4] 
| 42 1&6 | 
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o 9.4 10.0 
186 1 | 
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memory, making possible a faster physical match 
When the memory set and test item are presented in 
the same mode. When  difíc rent modes are used, 
the comparison process presumably must involve 
a higher level of representation in Which the auditory 
and visual exemplars are identical. Thus, in both 
the recognition and recall paradigms, the search 
process can apparently be based on a direct. com- 
parison of sensory features 

The findings on sim rity, however, pose some 
problems for the sensor coding hypothesis since 
there were no Mod: lity X Similarity inte 
in either. the present experiment using à recall 
paradigm or in the carlier experiments (Chase & 
Calfee, 1969) using a recognition paradigm. Ac- 
cording to the sensory coding hypothes visual 
confusability should influence the v al code and 
acoustic confusability should influence the auditory 
code. The only. significant effect of similarity, 
however, was a slower rate through 
acoustically confusable material regardless of list or 
test modality. These results provide some support 
for Conrad's (1964) acoustic coding hypothesis. An 
alternative hypothesis, however, is that acoustic 
confusability has its c lect on the retention process 
prior to the search, as evidenced by the greater error 
rates. That is, acoustic similarity 
the memory of the list, and s 
weaker memory traces is slow 

Another result of interest is the 120-msec, 
vantage of auditory over visual test items. A 
least part of this difference can be attributed to 
Sensory processes in the sense that auditory late 
are faster than visual latencies by ! 
for simple stimuli such as lights 
though we don't know why 
larger for s 


may weaken 
arch through these 


ad- 


neies 
about 50 msec, 
and tones, Ak 
this modality effect is 
more complex stimuli, We car 


can surmise 


22 


that modality of the test item has its effect on a 
stage of processing that is independent of the 
comparison process, perhaps at an earlier stage, 
since this modality effect does not interact with 
variables affecting the comparison process. 

Another question of concern is how well Stern- 
berg's (1967) serial self-terminating model 
counts for the data in the present experiment vi 
s some kind of parallel search model. At first 
glance, the increasing latenc with serial position 
seem to be strong evidence for such a serial self- 
terminating model. However, there is a parallel 
self-terminating model which kes these 
same predictions. Suppose it is assumed that only 
a primacy effect occurs in these data so that the 
associative strengths decrease across serial positions. 
If it is further assumed that (a) the time to compare 
the test item against a member of the memory set 
is proportional to the serial position, (b) all com- 
parisons are carried out independently in parallel, 
and (c) the search is terminated as soon as the test 
item is located in the list, then this model makes 


we- 
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exactly the same predictions as Sternberg's model 
and, in addition, the serial position effect is ex 
plicitly predicted. However, we must reject. this 
model in favor of Sternberg's because the error 
data of Table 1 disconfirm the assumption that 
associative strengths decrease over serial position: 
Rather, associative strengths resemble the cl 
serial position curve. We conclude, therefore, that 
context. recall. involves a serial self-terminating 
search process. 
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SEMANTIC AND SYNTACTIC CONSTRAINTS ON FREE-RECALL 


LEARNING OF SENTE 


NTIAL MATERIAL 
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The present experiment was designed to i 
and phrase structure on multitrial free 
were produced by diagonalizing easily u 
words within each of the diagonalized S 
nipulated by presenting the material ir 
Four levels of compressed speech were 
factors. lt was h 
would interact. Specific predictions abo 
made following an examination of prev 
that the magnitude of the semantic con 
would increase as degree of speech compri 
correct response data and the transform 
pothesis that certain semantic and syn 
The results partially supported the hyp 


The etleets of syntactic constraints and semantic 
ariables on various behavioral indices have been 
reported by numerous researchers (Bacharach & 
Kellas, 1971; Howe, 1970; Marks & Miller, 1964). 
An implicit assumption made in most of these 
experiments is that semantic and syntactic features 
of sentences do not interact. Th umption has 
been used to justify manipulations which might 
otherwise be considered confounded. For example, 
Manipulation of transformational complexity is al- 
ways associated with changes in either or both 
semantic features or phrase structure characteristics 
of sentences. Recent experimental evidence sug- 
gests that the assumption of semantic and syntactic 
independence is questionable (Howe, 1970; Rosen- 
berg, 1968; Wearing, 1970). 

The present experiment w; 
hypothesis that the e 
syntactic features of 
multitrial free recall t 


ass 


as designed to test the 
flects of certain semantic and 
Sentences will interact in a 
ask. Semantics was manip- 
ulated by arying the degree of semantic content of 
the sentences, Semantic content was defined with a 
diagonalization procedure used by Marks and Miller 
(1964) and others, The procedure produces 
"anomalous" sentences that are composed of words 
from the original, easily understood sentences, In 
addition to the original and diagonalized sentences, 
Some Ss in the present experiment were asked to 
learn strings of words that were grammatically un- 
Structured. These strings were produced by ran- 
domly scrambling the words within each of the 
diagonali zed si tences, Because these strings were 
srammiatieally unstructured, it was hypoth od 
that there would be no phrase structure differences 


by United States 
d HD 00183 to the 
ansas, This research 
ted to the Ui versity 
quirements for a PhD 
die George Kellas and 
ns and commen: 
nt to Verne R. Bacha; 
arch, University of Kansas, La 


ypothesized that semantic content 


niversity of Kansas 

nvestigate effects of semantic content 
recall. Levels of semantic content 
inderstood sentences and scrambling 
entences. Phrase structure was ma- 
n either the active or passive voice. 
orthogonally varied with the other 
and phrase structure 
f the interaction were 
It was also assumed 
and the phrase structure effects 
on increased. The whole sentence 
ational error data supported the hy- 
tactic features of sentences interact. 
othesis regarding compressed speech. 


ut the nature ol 
ious research. 
tent 
n5. 


between them, Syntax was manipulated by var 
the phrase structure characteristics of the 
Active and passive forms of the s 
were employed. Manipulating s 
has the advantage of producing 
dillerences without changing 
used in the sentences. 

The semantic content and the 
factors were orthogonally varie 
four levels of compressed speech. Compressed 
speech was used in this experiment to systematically 
degenerate the speech signal. lt was reasoned that 
compressed speech might amplify small magnitude 
effects which would otherwise go undetected. Ad- 
ditionally, it should be possible to determine if 
semantic and syntactic constraints are differentially 
affected by levels of speech compression. 

Method.—The Ss were 168 undergraduate 
from the Unive: sity of Kansas, 
a general Psychology course 

The Ss were seated at 


ving 
sentences, 
ame sentences 
ntax in this way 
phrase structure 
the content words 


phr: structure 
d over trials with 


students 
who were fulfilling 
requirement. 
a table facing a partition. 
A button and a telegraph key were located on the 
table in easy reach of the Ss. The Ss wore stereo 
headphones ` and listened to the tape-recorded 
material played on a sterco tape recorder. A buzzer 
controlled by an ATC timer was used to signal Ss to 
Ss’ responses were recorded 


n responding. The 
on a tape recorder, 

The stimulus mate 
strings of words (hereafter referred to 
There were three types of sentences: High Semantic 
Content (HSC) sentences such as “The dying 
horses kicked the trainers,” Low Semantic Content 
(LSC) sentences such as “The torn snakes cluttered 
the trainers,” and No Semantic Content (NSC) sen- 
tences such as “Torn cluttered the snakes trainers 
the.” All Sentences were six words long with two 
function words and four content words in each 
sentence. 

Half of cach of the differe 
sentences were in the 


rials consisted of tape-recorded 


as sentences), 


nt semantic 


; E content 
active voice 


and half in the 
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Mean WHOLE SENIE: 
ACTIVE AN 


lsc NSC 
= =j SE 

Acti 2.97 

Passive 3.10 


ch point represents an average score colla 
nd lists. 


o 


passive voice. An S was asked to memorize eight 
sentences, four active and four passive, of one 
semantic content type. To avoid semantic overlap, 
two lists of sentences were produced with the active 
sentences in one list transformed to passive sen- 
tences in the other list and vice versa. 

The groups of eight sentences were tape recorded 
in a random order, with the restriction that no 
more than two sentences with the same syntactic 
form would occur in sequence. Twenty random 
orders of the eight sentences for the three sentence 
types within each list were recorded. The materials 
were recorded at four diferent levels of speech 
compression. The four levels of compressions were 
O, 1564, 30%, and 45'7. The deletion sample 
size was approximately 35 msec. under each com- 
pression condition. 
played at 34 ips. 


The sentences were taped and 


There was a 2-sec. intersentence interval within 
a group of eight sentences, and a 10-sec. intergroup 
interval between each group of eight sentences. 

The Ss were told that they would hear eight 
strings of words and that they would be given a 
number of trials to learn the material. The Ss 
were told that the strings of words would be pre- 
sented in a random order on each trial, and that 
order of recall was not important. However, the 
instructions stressed the importance of ordered recall 
of the words within each string. 


After each presentation of the eight sentences, a 
buzzer sounded signaling Ss to begin recall. After 
recalling a sentence or any part of a sentence, Ss 
pressed the button on the table to indicate response 
termination. After recalling as many of the strings 
as they could remember, Ss pressed the telegraph 
key. By pressing the telegraph key, Ss simul- 
taneously turned off the recorder recording their 
responses and turned on the recorder used to pre 
the taped material. The recall interval was 
limited, although no S exceeded 2 min. 


The learning criterion was 2 consecutive errorless 
trials or 20 trials, whichever came first. — Pilot 
data showed that approximately 96% of the pilot Ss 
given the HSC and the LSC lists reached correct 
recall learning criterion. Pilot Ss asked to learn 
the NSC material were correctly recalling approxi- 
mately 2357 of the sentences after 20 trials. i 

Results. —Whole sentence 


, Correct response scores 
were analyzed, ; Sew 


A response was scored as correct if 
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all content words in the sentence were correctly 
recalled in their presented order and sentence 
voice was not changed. A change in number (ie. 
singular-plural) was not considered as an error. 
Substitution of function. words wa> permissible to 
the extent that the substituted word was from the 
same form class as the original word in the sentence. 

AIX 3X2 % 2X 20 analysis of variance was 
performed on these data, Compressed speech Ü 
levels), semantic content (3 levels), and sb E 
levels) were — between-groups jones 
structure (2 levels) and trials (20 levels) were wit i 3 
the suggestion of Wike 


3 “te he 
(1971), conservative F tests were conducted an ie 


factors. 


results of this analy 
for compressed speech, F (3, 144) = 
semantic content, F (2, 144) = 245.1 
and trials, F (1, 177) = 341.37, p < 0l. idi 
Compressed Speech X Semantic Content in a 
action was also significant, F (6, 144) — 2.25 ps "m 
There were no c ts of compressed speech und 
the HSC and SC conditions. With the 
material, corre ponding increased as compr 
sion ratios decre: ‘oth 
Most importantly, the overall analysis show d 
that the Semantic Content X List X Phrase SC 
ture X Trials interaction was statistically relia ias 
F (2, 144) = 4.22, p < 05. This interaction “the 
examined further by analyzing the effects E jals 
Structure a 


reliable thre 2 
both analyses: List 1, F (38, 1529) = 2.33: Lii 
F (38, 1539) = 2.57; both ps < 0l. "The let's 
trial effc had no theoretical import, List © 
were due to magnitude differences On di 
blocks of trials. The trial effects were apc 
for by greater Semantic Content X Phrase > 
ture differences as the number of trials inc" 
Table 1 shows the mean whole sentence, aS 
recall scores for the phrase structure condition? 
function of semantic content. 

Tukey b multiple comparisons W | pa 
analyze the differences between active ane it 
sentences for cach level of semantic col i 
those blocks of trials in which an interact "no 


d 
e USC ag 


significantly better (@ = .05) than pass "un 
recall with the LSC material; and (c) recal 
‘tive sentences was superior to reca 
passive sentences. There was one € E 
these results. In one block of trials, pas5 ^ qw jn ^3 
recall was superior to active sentence reca a? 


i + aint s. od] 
HSC condition. This difference was clima e di^; 


found. The results of these compar sons ty t 
that (a) there were no reliable differences i H* 
active and passive sentence recall W eem wig 
material was used; (b) active sentence roant 

ve So NS 


tion of the interaction in the exception? 
the same as those found in the other 0 
trials, ft 

A response was scored as a transformi 
if S recalled. the sentence correctly bu 
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sentence voice. There were a total of 214 trans- 
formational errors. Of these errors, 97% occurred 
in the HSC condition. Transformational errors 
did not appear to be systematically related to 
any of the other factors in this experiment. 

An intrusion error occurred when S substituted 
an incorrect word for one of the content words in a 
sentence that was otherwise recalled correctly. The 
frequency of intrusion errors for each type of con- 


Of the 1,516 
"on errors, 56% were verb intrusions, 23% 
adjective intrusions, 126; nouns (second noun in a 
sentence), and 8° noun; (first noun in a sentence) 
trusion errors. There appeared to be a large 
effect for semantic content. Of the errors, 46°% 
occurred in the LSC condition, while 26% occurred 
in the HSC condition. The NSC condition ac- 
counted for 28^; of the intrusion errors, 

Discussion —The present experiment was designed 
specifically to test the hypothesis that semantic 
content and phra structure have interactive 
effects on the learning of sentential material. The 
four-factor interaction involving semantic content 
and phrase structure clearly showed that the effects 
of phrase structure depend on the degree of se- 
mantic content of the material to be learned. As 
@ general rule, it appears that the magnitude of 
Phrase structure effects increases as semantic con- 
tent decreases. In the present experiment, active- 
passive differences increased as semantic complexity 
decreased. Although in the present experiment this 
effect could only be demonstrated for active and 
passive constructions, the results of earlier research 
also tend to support such an hypothesis (Rosenberg, 
1968; Wearing, 1970). 

The transformational error data also support an 
interaction hypothes Transformational errors 
theoretically reflect mistakes in processing syn- 
lactic features of sentences. The transformational 
error data in this experiment clearly indicated that 
these types of errors were a function of the semantic 
features of the sentences If transformational errors 
do represent errors in syntactic processing, then 
the probability of making a syntactic error in- 


creases as the semantic content of a sentence in- 
creases. It is as if Ss paid less attention to the 
syntactic features of sentences that were easy to 
understand than they did to the syntactic features 
of difficult-to-understand sentences. Traditionally, 
it has been assumed that transformational errors 
increase as the transformational complexity of a 
Sentence increases. — The transformational error 
data in the present experiment indicate that for 
active and passive constructions, semantic features 
of the sentences are more important than trans- 
formational histories in determining the frequency 
of transformational errors. 

One aspect of the proposed hypothesis was not 
Supported by the whole sentence correct recall 
data. It had been assumed that recall of the NSC 
sentences would not be influenced by phrase 
structure. Although the NSC sentences were 
grammatically unorganized, there were phrase 
structure differences within the NSC condition. 
Because type of function word was the only dif- 
ference between the "active" and "passive" NSC 
sentences, this finding was not anticipated. It 
appears that function words may not be a homo- 
geneous grammatical set of items. 

Finally, the nature of the interaction of com- 
pressed speech with semantic content indi 
that semantics plays a greater role in the proce 
of speech compressed sentences than do the gram- 
matical features of the material, 
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FUNCTIONAL UNITS IN FREE RECALL! 


JAMES FRITZEN asp NEAL 


JOHNSON * 


Ohio State University 


In 1968, E. Tulving and R. D. Patterson compared Ss’ free recall of lists yo 
contained related words in the middle (M list) or at the end (E list) with the 


free recall of lists containing only unrelated words. 


For the E list, an un- 


extended recency effect was taken as support for lack of unitization of related 


words in short-term memory. 


In the present experiment, an attempt was 


made to ensure unitization of the related words by having 5s memorize en 
before hearing the list and then informing Ss as to where those words would 


appear within the list. Slight evidence for an extended recency elf 


for the 


E list was nullified by an equivalent elevation in recall of the words preceding 
the related words in the M list. The results raised questions regarding Tulving 


à and Patterson's index of unitization. 


Tulving and Patterson (1968) had Ss free recall 
lists of words which were either (a) all unrelated 
to one another (control or C list), (b) all unrelated 
except for four related words (e.g., north, cast, 
south, and west) occurring at the end (E list), or 
(c) all unrelated except for four related words in the 
middle of the list (M list). There were more words 
recalled from the M list than the C list. However, 
when recall was scored by counting cach unrelated 
word as a functional recall unit and the category asa 
unit, regardless of the number of words recalled 
from the category, the two conditions were equiva- 
lent. When the E list was scored in the same manner 
for functional units in recall, the mean was lower 
than for the other two lists. 

Proceeding on the assumption that items from 
the end of the list are recalled from short-term or 
primary memory and other items are recovered 
from long-term or secondary memory, Tulving and 
Patterson (1968) argued that their data indicated 
that reorganization of information into higher order 
memory units occurred in secondary memory, but 

not in primary memory. (They equated the two 
memory systems with ditferent retrieval mechanisms 
rather than differences in the nature of the storage.) 

To further support their position, Tulving and 
Patterson (1968) pointed out that the recency effect 
was not extended across more end items when the 
last four were related than when they were not 
related. Their argument was that if the last four 
items were related, and they represented a single 
functional unit in primary memory, then those 
items should occupy no more space in primary 
memory than one unrelated word (e.g., the above 
set might be stored as directions). Therefore, recall 
of the fifth item from the end for the E list should 
be about the same as for the second from the last 


word in the C list, ete. Those results were not 
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obtained, and recall for the fifth item from the en 
was about the same for the two types of list. 

If Ss were to memorize the four related W 
before the list was presented to them, an s 
were told exactly where those items would apt jd 
within the list, then according to the position P 
sented by Tulving and Patterson (1968) these 1 
should be unitized in secondary memory. Fu 


more, their position would predict that ! 1 
f the 


vor ds 
they 
ear 


number of functional units re | 
same as for the C and M lists. I 
Other interpretations of the Tulving and 


son (1968) results appear possible. It wol, fou 
that it would be necessary for Ss to hear U them 
related words at the end of the list and stoF — ine 


in primary memory, before Ss could detect His the 
items were a category. If they then reco? E nori 
items into a functional unit within primary me nece 
the initial storage of the items would still be e 
sary and there would be no extension of the € l 
effect, even though unitization occurred. of 


all 

KC ONE ecal , 
Another possibility is that the level of functi? d 
the items at the end of the list may be & ( he? 


of the time between the input and output, " je", 
items. Therefore, Ss' ability to recall the à nb? 
from the last would be a function of OF ian: 
of words which followed it during presenta by 
that the fifth item from the last was "6... 
four other words in both the E and C list vel D 
two conditions should be equivalent in th? 
recall of that item. i dl 

While the position adopted by Tulving des à 
son (1968) would predict an extended we 


if the last four items in the list were a P reta U yy 
category, neither of the alternative ee pot 
presented here would make such a predict à 
interpretations would predict that recall o "T 
near the end of a list would be a furit seh 
number of items which followed it during f ow! 
tion and not influenced by whether GTS ie ie 
items also constituted a functional unit: a P2 
then, is the extent to which the Tulving 2" 


! 
m 
jt 

n 
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Son method can be used to assess unitization in 
memory as they define it. 

Afethod.—In addition to Tulving and Patterson's 
(1968) C, M, and E lists, two types of instructions 
were used prior to the M and the E lists. The not- 
informed (NI) instructions required Ss to recall as 
many words as they could in any order. The in- 
formed (I) instructions provided Ss with the four 
related words to be used, and indicated their locus in 
the list, Instructions for the C lists were always of 
the NI type. Thus, there were five conditions: 
C-NI, M-NI, M-I, E-NI, and E-I. Each S served 
in cach condition twice. 

Fifty-five Ss served in the experiment as part of 
an introductory psychology course requirement. 
The Ss were run in eight groups of either 6 or 7 Ss 
cach, At the beginning of the experiment, Ss were 
fully instructed regarding the various types of lists 
they would be presented. The order of the 10 lists 
was determined by a table of random numbers for 
each of the groups. 

All lists were 16 words in length. Unrelated 
words were drawn from a pool of nouns or words 
that could be used as nouns, having a Thorndike- 
Lorge count of A or AA, The category pool con- 
sisted of eight exhaustive and four nonexhaustive 
Categories selected from Cohen (1963). The 
Categories were assigned randomly to conditions 
within each of the eight groups of Ss. Some of 
the exhaustive category members had a frequency 
count of less than A. Related words occupied 
Positions 6-9 and 13-16 in the M and E lists, 
respectively, 

Words were presented orally at the rate of 2 sec 
per word. Recall occurred immediately after pre- 
sentation, and Ss wrote the words on blank sheets 
of paper. Sixty seconds were allowed for recall, 
after which the sheets were placed face down. 

Before each M-I and E-I list, Ss copied down 
the four related words to be used in that list and 
were given 30 sec. to memorize them. They were 
not allowed to see the words at the time of recall. 
The Ss were told the words would appear as the 
last four words in the list (E-I) or ina group in the 
middle of the list (M-I), depending upon the condi- 
tion that list represented. 

Results.—The Ss' recall protocols were scored for 
functional units by recording one point for each un- 
related word recalled and one point if at least one 
related word was recalled. The mean number of 
functional units recalled for each condition were: 
C = 6.79, MENI = 6.17, M-I = 7.24, E-NI = 5.19, 
and E-[ = 5 9g. (The mean number of words re- 
called for the five conditions were: 6.79, 8.73, 10.27. 

:02, and 8.95.) 

"he functional unit data for the four experimental 
Conditions were subjected to a 2 X 2 analysis of 
Variance, The effect of locus of the related items 
Was Significant beyond the .001 level, F (1, 54) = 

38, as Was the effect of instructions, F (1, 54) 
= 46.32, The Locus X Instruction interaction was 
not Significant, F< 1.00. These data support 
Tulving and Patterson (1968) to the extent that 
the M lists yielded higher functional unit recall 
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Fic. 1. Proportion of words recalled as a function of serial 
position. (The C list in both graphs is the same.) 


than s In addition, prior learning of the re- 
lated items also clevated Ss’ recall level, but the 
lack of an interaction would suggest that the amount 
of improvement was independent of the location of 
the related items. 

The comparison between the C and the E-NI 
lists was significant, ¢ (54) = 7.55, p < .001, replica- 
ting the Tulving and Patterson (1968) result. How- 
ever, the difference between C and M-N so was 
reliable, ¢ (54) = 2.47, p < .01, which is not in 
accord with the results reported by Tulving and 
Patterson. The recall of the E-I lists also was below 
that of the C lists t (54) = 3.19, p < 01. 

The serial position curves for the fiv conditions 
in the experiment are given in Fig. 1. To examine 
the extent to which the recency effect was extended, 
5s in the experimental conditions were scored for 
the recall of the two items immediately preceding 
the related items. Each S's score varied from 0 to 

As with Tulving and Patterson (1968), the recall 
of these items for the E-N] list did not exceed that 
for the C li | £ (54) -82, with the means being 
1.35 and 1. Mean recall of these items for the 
E-I list w 1.84, which was significantly above that 
for the E-NI list, ¢ (54) = 2.23, p < .05, and the E 
list, ¢ (54) = 3.26, p < «005. 

The same pattern of results was found for the 


two 


unrelated items in the M lists, but the difference 
was slightly greater, For C, M NI, and M-I the 
means were 1.02, .84, and 1.84, respectively "The 


difference between C and M-NI was not significant 
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t = 1.00, while the difference between M-NI and 
M-I was significant, ¢ (54) = 6.66, p < .001, as was 
the difference between the C and the M-I lists, 
t (54) = 4.77, p < .001. i 

Recall of these items for the four experimental 
conditions was analyzed in a 2 X 2 analysis of vari- 
ance. The effect of instructions was significant 
beyond the .001 level, F (1, 54) = 40.21, but neither 
the effect of locus, F (1, 54) = 3.15, nor the inter- 
action, F (1, 54) = 3.09, was significant. 

Discussion.—The major ue examined by the 
present experiment was not Pulving and Patterson's 

168) conclusion that organization did not occur in 

diii; memory, but rather the extent to which 
their analysis of the functional unit recall and the 
recency effect can answer that particular question. 

Regarding functional unit recall, the present data 
did not support the earlier finding that the number 
of functional units recalled was independent of 
their size (note—there were methodological dií- 
ferences between the studies). Furthermore, when 
Ss learned the related items before the lists were 
presented, there was an overall increase in the 
number of functional units recalled, but there was no 
differential effect in favor of the E list. If the 
original difference between the E and M lists was 
attributable to the fact that the related items were 
not unitized in the E list, that differential improve- 
ment should have occurred. 

The difference in functional unit recall between 
the E and M lists obtained by Tulving and Patter- 
son (1968), as well as that reported here, could 
be the result of an artifact. The recall level for the 
words at the end of the list is generally higher than 
for words in the middle of the lis If, for the C 
lists, Ss recalled an average of only one word from 
four positions in the middle of the list, then Ss’ 
recall score would be about the same regardless of 
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whether they were given one point for every gu 
recalled from those positions or whether they hei 
given one point for recalling at least one o b 
words from those positions, regardless of how i 
other words were produced. On the other Han » 
Ss recalled an average of two words from E 
four positions, then the two scoring PM 
would not yield equivalent scores. The 55 boni 
have recalled two. words, but. only onc i ihe 
scoring unit, Therefore, it is esie a Td 
difference between the E and M lists may ha I SUR 
a function of the scoring procedures, and the ries 
of the serial position curve, rather than any € 
difference between the two list types: 

The elevated recall of the two items pre 
category in the E-I list might be taken t noe 
an extended recency effect when the end w S 
preunitized. However, the same ellect SE t M 
the two items preceding the category "m. mot d 
list where an extended recency ctlect 35 nears 
reasonable interpretation. In both case? one was 
of the just-presented items while the erm c dati 
being read seems to be more in accord with th 9 

In summary, Tulving and Patterson. » 
attribute the recall differences between thet 
M lists to the fact that the relate 
unitized in the M lists but not in the 
present. experiment. suggests the AME 
ferences are obtained when the relates 
unitized in both types of lists. 
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CTS OF PARTIAL REINFORCEMENT IN ONE OR BOTH 
GOAL BOXES OF A DOUBLE ALLEYWAY : 


JOSEPH A. SGRO; WILLIAM B. PAVLIK, JOHN R. SHOWALTER,! Axp NEIL H. COHN 


Virginia Polytechnic Institute and State University 


Forty-eight albino rats received 64 trials in a double alleyway with either 
50% or 100% reinforcement in the first goal box and 50% or 100% reinforce- 
ment in the second goal box. All Ss were then shifted to 100% reinforcement 
in Goal Box 1 and 0% in Goal Box 2 for 24 additional trials, Preshift results 
indicated that second alleyway speeds were inversely related to both Goal 
Box 1 and Goal Box 2 reward percentage. The frustration effect occurred 
with the effect being greater for running speeds of Ss which received 1006% 
reinforcement in Goal Box 2, Postshift Alley 2 data indicated that resistance 
to extinction was inversely related to Goal Box ? reward percentage. Goal Box 
1 preshift training did not affect resistance to extinction in Alley 2. 


Studies which have manipulated partial reinforce- — the frustration responses elicited in Goal Box 1 would 
ment in the first goal box of a double alleyway have Perseverate and become conditioned to stimuli in 
Shown that second alleyway speeds are faster fol- Alley 2 thereby affecting subsequent resistance to 
lowing nonreward than following reward. This extinction. The four groups were thus shifted to 


finding has been designated the “frustration effect" 100 reinforcement in Goal Box 1 and 0% in Goal 
(FE) and has been assumed to reflect the moti- Box 2 for 24 trials, 

vational properties of frustrative nonreward (Amsel, Method.— The Ss were 48 experimentally naive 
1958). A review of the literature has revealed that male albino rats obtained from Dublin Laboratories, 


in d monstrating FE, second-goal-box reward con- Dublin, Virginia, and were 90-100 d. 
ditions, in general, have remained constant. Al- beginning of the experiment. 

though studies have investigated the i The apparatus was an L-shaped double alleyway 
function of rewi rd magnitude (Krippner, Endsle sisting of a first start box, a first alley, a first 
& Tacker, 1967) and reward homogeneity (Lev. goal box, a second alley, and a second goal box. The 


Seward, 1969) in Goal Box 2, no evidence is available first goal box also served as the start box for Alley 2, 
concerning the influence on the FE of partial rein- Guillotine doors separated the start box from Alley 
forcement in Goal Box 2, . . 1, Alley 1 from Goal Box 1, Goal Box 1 from Alley 
The present study was designed to accomplish 2, and Alley 2 from Goal Box 2. The dimens ons 
two objectives, Fi t, it was of Interest to investi- and construction of the apparatus were identical to 
Gate the effect of tial reinforcement in both Goal that employed by Sgro, Glotfelty, and & Podlesni 
Box 1 and Goal Box 2 on Alley 2 performance, This (1969). 
Manipulation offered an Opportunity to examine the 
magnitude of the FE asa function of partial rein- opening of the Goal Box 1 door leading into Alley 2 
forcement in Goal Box 2. To this end, four groups until the breaking of a beam 7.62 em. distant. 
received a factorial combination of Partial reinforce- Running times for Alley 2 were measured from the 
o z et i yr " G. T 
ment in Goal Box 1 (50% vs. 100€ ©) and Goal Box breaking of the latter photobeam to the interruption 
2 (50^; vs, 100%%) for 64 trials. The second purpose of a second beam 182.88 cm, distant. 
of the present study was to determine the extent to The Ge sun à . 
As present stu ph Visi ir bath goer The Ss were randomly assigned to four equal 
Which partial reinforcement in cither or both goa preshift groups ( = 12) which com prised a 2 x 2 
oxes would affect resistance to extinction in Alley 2, factorial design. There Were 2. leo it f atx2 
Since it has been shown that partial reinforcement of Goal Box 1 rear (5062 ye 10052. percentage 
increases resistance to extinction in a single alleyway of percentage of Goal Bana XS d Le) and 2 levels 
A " : ] a x <2 rew x 
(Goodrich, 1959), it Was expected that partial After Cà one fe ee (50 cvs. 100%), 
reinforcement in Goal Box 2 would produce greater tinuous reward in G SN MS were shifted to con- 
resistance to extinction in Alley 2. Within frustration Goal Box ? ps 24 FEE Th P and nonreward in 
theory, greater resistance to extinction is attributed Sake desiyisfed Ae Ind. rus preshift groups 
to the prior conditioning of approach responses to in which the first number j npa » 50-100, and 30-50 
the cues of frustrative nonreward. Of major con- tes E Say indicates the Percentage of 
È wen ` 5 eward received in Goal Box 1 and the s d 
cern, however, was whether "artial reinfi nent in e second num- 
i Owever, was whe partial reinforcemen ber refers he perc, m ; 
oal B É foot reiasa aE s refers to the percentage of reward in Goal Box 2, 
OX 1 would affect resistance to extinction in During the Dreshift session the 50€ 
*Y 2. The theoretical consideration was whether roups received tl foll Hine dou 207€ Goal Box 1 
ca - I H he fol owing daily cycles of reward 
# iA expaiided version Of this paper was presented to the (R)an nonreward (F) in Goal Box 1: RRFF, FFERR 
Southwestern Py Association in St, Louis, April 1970, RFFR, FRRF, FRFR, RFRF. The 50°; Goal Box 3 
r hould be sent to Joseph A, Sero, — 5 receive " 4 : P SHORE. ai 
Virginia Polytechnic Institute and — ETOUps received the following daily cycle in Goal 
FRRF, REFR, RR, and ker 


g. Virginia 24061. Box 2: RFRF, p RFR, F 
re repeated over the entire experi- 


ays old at the 


Start times for Alley 2 were measured from the 


"at Purdue University, Lafayette, Indiana, These patterns we 
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BLOCKS OF TRIALS 


Fic. 1, Mean Alley 2 start and running speeds as a function 
of trial blocks during the preshift phase. (Trial blocks for 
Groups 100-50 and 100-100 are plotted in blocks of eight, 
whereas trial blocks for the within-S conditions of Groups 
50-50 and 50-100 are plotted in blocks of four.) 


ment. On rewarded trials in either goal box, S was 
provided with a 20-sec. access to six Noyes 45-mg. 
food pellets and on nonrewarded trials, S was given 
a 20-sec. confinement in the appropriate goal box. 
The food pellets were available to S in a plastic cup 
located in front of the guillotine door leading to 
Alley 2 and also in a small bottle cap located at the 
end wall of Goal Box 2. 

Fourteen days prior to the first preshift trial, Ss 
were placed on a 22}-hr. food-deprivation schedule. 
During pretraining and throughout the course of 
the experiment, .5 was allowed 1}-hr. access to food 
in the home cage after the daily session. During 
Days 1-8, each S was gentled for approximately 3 
min. daily. On Days 9-11, each S was allowed to 
explore the entire apparatus for 2 min. After 
exploration, 5 was given access to scattered 45-mg. 
Noyes pellets in a neutral holding cage before being 
returned to the home cage. On Days 12 and 13, all 
Ss were given one pretraining trial with six food 
pellets available in Goal Box 1 and Goal Box 2, and, 
on Day 14, Ss were given two pretraining trials with 
six food pellets in Goal Box 1 and Goal Box 2. On 
Preshift Day 1 and throug 
ment, 5 received four d 
interval of 
intertrial in 
cage. 

À typical tri 
start box, 


hout the entire experi- 
) aily trials with an intertrial 
approximately 20-30 sec, During the 
terval, 5 was placed in a neutral holding 


al consisted of pl 


i acing S into the 
After 5 sec, E 


raised the guillotine door 
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à nterin 
permitting 5 to traverse Alley d. l oe wem 
Goal Box 1, the guillotine door was closed to n stable 
retracing and S was allowed to eat, the alley 2 
pellets. After 20 , the door leading (o Alley 2: 
was opened and S was allowed to CHER E ng 

Results and discussion. -Starting anc e into 
time measures for each trial were Gne per- 
speed scores (m/sec), and all analyses We 
formed using the converted measures. "— and 

Figure 1 presents preshift Alley * "blocks ol 
running speeds as a function of trials in R trials 
eight. In Fig. 1, separate means for four d for 
and four F trials within each block 
Analyse 


performed on Alley 2 
Groups 50-50 and 50-100 over the 
trial blocks indicated that: (a) The 
significant for both the start and runt sp 
F (1, 22) = 50.84 and 48.88, respective Y isticalY 
(b) the FE X Blocks interaction was ï measure 
significant for both the start and running 5,77 9$; 
F (7, 154) = 2.73 and 3.37, respectively, & ically 
(c) the Groups X FE interaction W 743 pe 
reliable for running speeds, F (1, 22) 11 " 05 


but not for start speeds, Æ (1, 22) = 7^ ^ patisti 
(d) the Blocks X Groups interaction 152) 5 MS 
cally significant for start speeds, F (^ 150 = 24 
b €.0l, and running spece 2 significan 
b <.05; and (e) the blocks v: 3 aad " pns. 
beyond the .01 level for both the san 109, cip 
measures, F (7, 154) = 42.91 and 9$ ngin 


tively, p < .01. The Blocks X Groups sc canc 
action failed to achieve statistical a or ru 
start speeds, F (7, 154) = 1.03, p > Y> 


(b) the FE X Groups inter: 
start speeds, F (1,22) = 4.05, P < es 
speeds, F (1,22) = 10.47, p < RUE t 
50-50 ran significantly faster than 
over the start measure, F (1, 22) = 
and the running measure, F (1 
Neither the blocks variable 
containing the blocks variable apo 
significance (both ps > .05) for the T 
measures. Further analyses indic oe o 
all groups showed significant F oey s 
and running speeds (all ps € - 
Groups X FE interactions. were 
Alley 2 speeds exhibited by Group pe 
R trials in Goal Box 1 for the start raat 
= 10.19, p<.01, and the running Mey 10.15 
7.33, p « 45. Analyses Of "ined 15 
following F trials in Goal Box E aip 50 
significant differences between Gr 
50-100, F « 1. ; 
That Alley 2 speeds following R aft © 
1 were faster for Group 50-50 tha ne 
could be considered as analogous infor 


ri s m MITT -re 
effect, ie., faster running by 50% 


* 
p 


nor the 
cn 
art O 
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100*;-reinforced Ss in a straight alleyway. This 
finding has been explained in terms of frustration 
theory as reflecting the motivational effects of 
feedback of anticipatory frustration (ry — ss) from 
frustrative nonreward. It is apparent from the 
present data, however, that the influence of frus- 
trative nonreward in Goal Box 2 on Alley 2 per- 
formance is exerted only on trials in which reward 
is present in Goal Box 1. 

The postshift Alley 2 start and running speeds 
1 function of blocks of eight trials are presented 
in Fig. 2. Preshift Block 8 data for Groups 50-50 
and 50-100 include only theAlley 2 startand running 
speeds following R trials in Goal Box 1. Analyses of 
variance performed on Alley 2 start and running 
speeds over Preshift Block 8 and Postshift Blocks 
9-11 revealed that: (a) The Goal Box 1 reward 
percentage variable failed to be significant for either 
start speeds, F (1, 44) = 1.27, b > .05, or running 
speeds, F < 1; (b) the Goal Box 2 reward percentage 
variable achieved statistical significance for both 
start and running speeds, F (1, 44) = 16.92 and 
28.74, respectively, p < .01; (c) the Blocks X Goal 
Box 2 Reward Percentage. interaction was s 
tistically reliable for both start and running speeds, 
F (3, 132) = 57.82 and 4.67, respectively, p < 01; 
(d) the blocks variable was significant for both 
start and running speeds, F (3, 132) = 57.82 and 
102.48, respectively, b < .01; and (d) none of the 
remaining interactions achieved statistical reliability 
(all ps > .05). 

The postshift data in Fig. 2 clearly indicate the 
typical partial reinforcement effect, ie. greater 
resistance to extinction by Ss who previously 
received partial reinforcement in Goal Box 2. 
lure of partial reinforcement in Goal Box 1 to 
facilitate resistance to ex netion in Alley 2 deserves 
mentioning. It has been found (Brown & Logan, 
1965) that when discrimination training is given 
with 100% reinforcement to a positive stimulus 
(S*) and 50% reinforcement to a negative stimulus 
(S7), resistance to extinction to S* is greater than 
for 1006% reinforcement alone. To a degree, it 
might have been expected that partial reinforcement 
in Alley 1 might show a similar generalization to 
Alley 2 resulting in greater resistance to extinction 
in Alley 2. It is possible, however, that the failure 
of a generalized partial reinforcement effect could 
be attributed to the distinct physical difference 
between the two alleyways, ie, a shorter black 
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TRIALS IN BLOCKS OF EIGHT 


Fic. 2, Mean Alley 2 start and running speeds in blocks of 
eight trials during the postshift phase, (Block 8 represents 
last trial block of the preshift phase.) 


alley with a rubber floor versus 


a longer white 
alley with a hardwood floor. 
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EFFECTS OF MEMORY LOAD ON REACTION TIME! 


C. F. DARLEY, 


Stanford 


In one condition (no-cue) of a memory search task, cach clement of the 
memory set had an equal probability of matching 
trials. In the other two conditions (auditory cue i el. 
prior to the test which element of the memory set (the high-proba dility c 
condition, functions relating reaction time 


would be tested. For the no-cue 
(RT) to memory-set size were 
mately 38 msec. 


Sternberg (1966, 1969) has made use of a search 
paradigm to study the retrieval of information 
stored in short-term memory (STM). In this 
paradigm, S is presented a set of items (memory 
set) on each trial of the experiment; then views 
a test stimulus which may or may not be a member 
of the memory set. The S is required to make a 
positive response if the test stimulus is a member of 
the memory set, and a negative response otherwise. 
The principal measure of performance i reaction 
time (RT), defined as the interval between presen- 
tation of the test stimulus and the response. The 
size of the memory set is varied from trial to trial, 
and therefore it is possible to plot functions relating 
RT to memory-set size. These functions are typically 
found to be linear and increasing with set size. 
Sternberg (1969) theorizes that this search task 
involves four stages: (a) encoding of the test 
stimulus, (b) comparison of the test stimulus with 
members of the memory set, (c) choice of a positive 
or negative response, and (d) execution of the 
response. The intercept of the RT function depends 
upon the time taken to complete Stages a, c, and d, 
since these components are independent of memory- 
set size. The slope of the function represents the 
time necessary to compare the test stimulus with 
each member of the memory set and reflects Stage b. 

In the typical memory-scanning paradigm, each 
item in the memory set has an equal probability of 
being matched by the test stimulus on positive 
trials (i.e., a probability of 1/s for a set size of s). 
and Smith (1972) examined the effects of 
memory-set size and test-stimulus probability on 
RT. For some memory sets, 5 was told that a 
specific element was a high-probability item, indi- 
cating that on positive trials that element would 
be more likely to be matched by the test stimulus 
than would the other elements in the set. Klatzky 
and Smith found that the functions relating RT to 
memory-set size were linear and increasing for all 
types of trials. There was a significant ditference in 
mean RTs between positive trials where a high- 
probability item had been designated and positive 
trials in. which all items had an equal probability 
fonds e Hah quis sponsae by National Science Founda- 
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lincar and increasing 
For the auditory-cue and visual-cue i 
were essentially flat, indicating thet S compared the test stimulus with only the 
high-probability item and that memory load did not influence 


University 


the test stimulus on positive 
and visual cue), 5 was told 
item) 


with a slope of approxi- 
conditions, RT functions 


RT. 


This dif- 
the 

ant 
] Smith 


of being matched by the test stimulus. 
ference was accounted for by 
intercepts of the RT functions. 
slope difference was found. Klatzky am 
concluded that the probability informat 
the encoding or response decisi 
retrieval process. Because of the lack of a 
effect, there appears to be no biasing 9 ing 2 
parison stage when the probability of testing 
specific element of the set is varied. 

Klatzky and Smith's (1972) results are surpr! 
it would seem that RT on trials in which “edu 
probability item was designated could be Fe y the 
if S used the probability information to mo! a an 
comparison process. In the present experi that 
attempt was made to devisc conditions 58C ad. t? 
modification of the comparison stage WOUK “knew 
optimal retrieval. On a portion of the trit ad i mate 
exactly which letter in the memory set would ! id 
the test stimulus. In other words, on positiv 
the probability of that particular letter 
matched by the test stimulus was 1-0. í 

The experiment involved three typet ? E 
no-cue, auditory-cue, and visual-cue tria ret 
trials memory sets of 1, 2, 3, 4, or 5 letter? isis 
On no-cue trials, memory sets Were 
visually and all letters in the set 
probability of appearing on the teste 7, 
trials were similar to no-cue trials in that 
memory set was presented visually, but ae : 
aloud one of the members of the memory © 
instructed that the spoken letter wou : 
member of the memory set that could 
test stimulus, if there was a match. VU! jal 
trials, the complete memory set was reat ‘vist! 
E while one member of the set was shows. 5 
S was told that the letter presented visti £ jf une 
only one that could match the test stimulu” ic 
was a match. The memory-set element si 
a probability of 1.0 of matching the 
positive trials in the auditory-cue 
conditions will be referred to as the ? 
bility" item. 
set of letters was maintained in memory e nt 


in 


pein 


jud py 
Vv 0 " 


the trial, 5 was required to repeat aloud ol, 
set at the end of the trial. 1 pilit* “om 
It was expected that the high-pre 2 tne 


i sets’! 
mation would have one of two eflect? 
32 
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parison stage of the retrieval process. First, as in 
the Klatzky and Smith (1972) study, the com- 
parison stage might be uninfluenced by S's expec- 
tancies, with the test stimulus being compared with 
each of the memory-set elements. Second, the 
comparison stage might be modified, perhaps to 
the extent that the test stimulus would only be 
compared to the high-probability item. In this case, 
the remaining members of the memory set would 
have to be held in memory while the response was 
made, so that they could be retrieved after com- 
pletion of the response. If these additional memory- 
set members are not involved in the comparison 
process, then it is of interest to determine their 
eflect upon RT to the hi h-probability item. 

Method.—The Ss were seven female students at 
Stanford University. Each S was paid $11.00 for 
participating in a training session of 13 hr. and four 
test sessions of 1 hr. each. 

The apparatus consisted of a two-field tachisto- 
scope and exposure box. The visual area exposed 
to S measured 18 X 34cm., and the viewing distance 
was approximately 60 cm. Between stimulus ex- 
posures, a dot marked the center of the viewing area. 
On à table to the right of S three telegraph keys were 
placed in an are, separated by a distance of 2 cm. 
The S could comfortably rest the right arm on the 
table and depress the keys with the forefinger. Four 
of the Ss were randomly chosen to depress the key 
on the right for a positive response and the key on 
the left for a negative response; for the other Ss the 
conditions were reversed. The S was instructed to 
depress the center key until ready to execute a 
response, and a light on the control panel enabled 
E to monitor S and ensure that this instruction was 
followed. The S held a button in the left hand which 
controlled the onset of the test stimulus. 

Memory sets were constructed of sizes ranging 
from 1 to 5 letters. "The letters used to generate the 
Sets consisted of all members of the alphabet except 
vowels and the letter Y. The letters were randomly 
assigned to memory sets and no letter was repeated 
hin a memory set. Memory sets used in the 
no-cue and auditory-cue conditions were typed with 
an IBM Executive Registry typewriter on 5 X8in. 
White cards. The center of each set was located in 
the middle of S's visual area and succe ve letters 
Were separated by a single space. In the visual-cue 
condition only 1 letter was presented visually, so 
cach of the 20 letters used in the experiment was 
typed in the center of a 5 X 8 in. white card. These 

0 cards were used for the memory-set presentation 
in the vis 
Presentation in all conditions. 


E ions of 132 trials 
each, hin an experimental session the trials 
Were blocked according to condition, with each 
half sion (66 trials) containing one block each 
(22 tr Us) of the no-cue, auditory-cue, and visual-cue 
conditions, When the three blocks of the first half- 
Session h 


ad been completed, the same ordering of 
$ as repeated for the second half-session. 
The order of the blocks was arranged in a Latin 
square design so that each condition occurred 


approximately equally often in the first, second, and 
third portions of the half-s ions. Each memory 
set was presented in all conditions across Ss, with 
each S seeing a particular set only once. For each 
condition within a session, there were equal numbers 
of positive and negative trials for all memory-set 
sizes and the different memory-set sizes (1 to 5) 
occurred 6, 8, 12, 8, and 10 times, respectively. 
Memory-set sizes and positive and negative trials 
were randomly mixed for each condition within a 
session. For every memory set, one member (the 
high-probability item) was selected as that letter 
which would be either read aloud in the auditory-cue 
condition or shown visually in the visual-cue con- 
dition; for each memory-set size each position was 
selected equally often. 

A trial involved the following sequence of events: 
(a) The S depressed the center response key and 
held it down. (b) The E presented the memory set. 
When S was sure the set was in memory she said 
"OK (c) The E removed the card already in the 
tachistoscope, inserted the test card, and said “OK.” 
(d) The S pushed the button held in the left hand, 
and after a 200 msec. delay the test stimulus was 
exposed for 800 msec. The onset of the test stimulus 
exposure coincided with the onset of a latency 
counter. (e) Using the right hand, S5 made the 
appropriate response by releasing the center key 
and depressing the key to the right or left, which 
stopped the latency counter. Q) Immediately after 
responding, S verbally reported the letters in the 
memory set. (g) The S was informed whenever an 
error occurred on either the yes-no response or in 
reporting the memory set. 

Results and discussion.—Only data from the 
final four sessions are included in the analysis, since 
the first session. was regarded as practice. Also, 
RTs for incorrect responses were excluded from the 
analysis. Figure 1 presents mean RT as a function 
of memory-set size (s) for the three conditions; 
results for both positive and negative responses are 
included. Best-fitting straight lines obtained by the 
least-squares method are shown for the combined 
data from positive and negative responses, The 
slopes of the positive and negative functions are not 
reported here, but were essentially equal in all three 
conditions. No difference were found between in- 
tercepts for positive and negative responses in the no- 
cue condition, 4(6) = 145, p > 05; however, there 
were intercept differences for positive and negative 
responses in the auditory-cue and Visual-cue con- 
ditions, 4(6) = 3.79, P <.005, and t(6) = 3 
b «.01, respectively. Error rates for the R 
response are included in Fig. 1 for each memory-set 
E ze; the overall error rate was 3.26. in the no-cue 
condi t in the auditory-cue condition, and 


z 


on, .5% 
AC in the visual-cue condition. 

The RT function for the no-cue condition is 
increasing and approximately linear, The slope of 
37.7 msec. is Similar to those obtained in other 
memory-scanning experiments leg, Klatzky, Juola 
& Atkinson, 1971; Sternberg, 1906). On the other 
hand, the slopes for the auditory-cue and visual-eue 
conditions are essentially flat. The results for ills 
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Fic. 1. Mean reaction times (RT) and error percentages for positive and negative responses as functions of ner 


auditory-cue and visual-cue conditions differ from 
those of Klatzky and Smith (1972); this difference 
may be attributable to the fact that in the present 
study, Ss were certain which memory-set elements 
would match the test stimulus, whereas in the 
Klatzky and Smith study it was possible for an 
element other than the high-probability one to 
match the test stimulus. 

It is evident that in the auditory-cue and visual- 
cue conditions the memory load (i.e., the memory- 
set elements other than the high-probability item) 
had no effect on either positive or negative RTs. 
Clearly 5s were not simply disregarding the memory 
load, since recall of the load was nearly perfect on 
all trials. On almost all trials Ss recalled the 
memory set in correct serial order, even though they 
were not required to preserve the order in their 
recall. 

There are at least three explanations for the fact 
that memory load has no effect on RT in the audi- 
tory-cue and visual-cue conditions. First, holding 
a load in STM may not interfere with the processes 
taking place during the RT phase of the task. 
Second, the maximum memory load used in the 
present experiment may have been too small, 
whereas a larger load may have shown an effect. 
Third, the memory load may be held in some 
memory system other than the one involved in 
making the comparison on which the RT is based. 

It appears that on most trials, Ss 
à different task in the no-cue condit 


are performing 
ion than in the 


one item. Because of this, it was eSP 
there would be no differences among 
three conditions when s = 1; pairwise | we 
performed, and no significant differences cone! y cue 
between the no-cue and auditory-C* d 
4(6) = 1.71, p> .05, the no-cuc E muti ory 
conditions, £(6) = .50, p > .30, or "n j NC 
and visual-cue conditions, (6) = iim shen ta 
The data presented here suggest Uu W 


| 
i “5 
certain that a particular memory nents Es D 
tested, they are able to omit other | 1 ine 


act m 
set in the comparison process. , In f serfo" 
auditory-cue and visual-cue conditio". Sof! 
on the RT task as if s were 1, regarde. me ost 
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RECOGNITION OF A CATEGORIZED LIST: 
JOHN P. McLAUGHLIN? axp D. J. HERRMA N? 


University of Delaware 


Failures to find an effect of t 
been due to low degrees of li 
containing 
displays (DWDs) were the 
words from one category (1C) or two 
for IC DWDs than for 2C DWDs, 
complicated memory search proci 
nations for the effect, but category or; 
of information in memory. 


Many studies have failed to fi nd effec 
zations developed during acqui 
recognition. Those 
were small enoug 


ts of organi- 
tion on subsequent 
effects that have been found 
h to Prompt a recent reviewer to 
assume that recognition is Virtually unaffected by 
Acquisition organization (McCormack, 1972). 
Mandler, Pearlstone, and Koopmans (1969) have 
suggested that these negative results may be due to 
a low level of original learning. Organization is 
generally assumed to incre: se with degree of learn- 
ing, but studies on recognition almost always have 
employed a limited amount of study. 

Consequently, the purpose of the 
Was to examine the effects of acquis 
on recognition under inte 
Since such conditions preclu 
measure, recognition latency was chosen the 
dependent variable. After acquisition, the effects 
of organization on recognition latency were studied 
by var: ing the representation of organizational units 
in test items. For example, after learning. words 
grouped into taxonomic categories (ANIMALS, 
COUNTRIES), the organization of test items was ma- 
nipulated by varying the number of categories rep- 
resented in a two-word test item. Thus, Ss could 
respond to pairs such as LION and TIGER or LION 
and FRANCE, If organization in acquisition affected 
recognition, then a pair representing a single cate- 
Sory might be expected to be recognized more 
rapidly than two-category items. 

Method.—Six male and six female undergraduates 
from the Univer ity of Delaware participated in the 
experiment to satisfy a course requirement, All Ss 
had normal or corrected vision, 

Stimuli were presented in a Scientific Prototype 

Tee-channel tachistoscope (Model GB). A white 
Prepost exposure field was illuminated at 6.4 ftc. 
Measured at the eye. The fixation field, a horizontal 
aote strip was 15.3 ftc. Probe words. were pre- 

at 17.7 ftc. on 9-in.-long, is-in.-wide poster- 
Strips. The probe words were centered, one 
and separated by a 1?10' vertical 
Each word subtended a 0°11’ visual 
ta were presented at the meeting of the Eastern 
l Association, New Yor! April 1971, 
S for reprints should be sent to John P; McLaughlin, 
“Nt of Psychology, Unive sity of Delaware, Newark, 
ln 
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those studies. 
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ay have 
The Ss learned lists 
ecall. Double-word 
ists so that DWDs contained 
s shorter 
ster reading of 1C DWDs or more 
expla- 
ssibility 


angle on the vertical and 
horizontal. 

Microswitch response buttons were 
the left and right of S's seat for ye: 
no (negative) responses. The response buttons were 
wired in series to a Standard Electric chronoscope, 
which was accurate to a hundredth of a second. Each 
S was run individually in two sessions, At the be- 
ginning of the first session, Ss generated 15 examples 
for each of four categories, ANIMALS, PARTS OF THE 
BODY, COUNTRIES, and ARTICLES OF CLOTHING. The 
reason for having S generate this list was to provide 
materials for memorization which were more likely 
to be representative of his own taxonomic organiz 
tion in long-term memory. The S then studied the 
words until he could recall at least 95% of the list, 
Study periods were 2 min. and recall periods were 


an average 1°18’ on the 


provided to 
5 (positive) and 


3 min. Eight Ss achieved 95% recall in one trial 
and four Ss in two trials. 
Session 2 began approximately 24 hr. later for six 


48 hr. for four Ss, and 72 hr. for two SS 
t restudied the list until he again reached the 95% 
recall criterion. All Ss achieved this criterion in one 
trial. In the recognition test, which began immedi- 
ately afterwards, S was presented with 60 double- 
word displays (DWDs). Half of the DWDs con- 
tained 2 words from one of the list categorie. and 
half had 2 words from two list categories. 

Probe words for negative displays were selected to 
correspond to the taxonomic Category and sub- 
category used on S's list. For example, if S had only 
given European and A ian nations as examples of 
countries, negative probe words were also European 

never South American 


and Asian nations but 

nations. These negative probe words were drawn 
from the Cohen, Bousfield, and Whitmarsh (1957) 
norms and other sources, The other words not 
listed in the norms were clear examples of the experi- 
mental categories. Finally, if a DWD was composed 
of only one word from the st and one not from the 
ig "pass," a neutral re- 


list, S responded by sayir 
response was necessary for 


sponse. The neutral 

DWDs to insure that 5 considered both words in a 

positive or negative DWD before responding. 
DWD presentations began with a verbal “ready: 

signal from E, followed by a 600-msec. exposure | 

; and then an approxim: 


the fixation field 
Xposure of the probe display. 
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tation order of DWDs, response type (positive, 
negative, and neutral) was randomized in blocks 
of 3 DWDs. Equal numbers of one- and two- 


category probes as well as the specific categories 
used were randomly assigned to positive, negative, 
and neutral probes in successive blocks of 18 DWDs. 
Since there were 60 DWDs in total, this procedure 
leít 6 DWDs remaining in which all conditions of 
category origin and response type were represented. 
Each category was used no less than twice and no 
more than three times for one-category DW Ds. 
Each of the six possible two-category combinations 
were used at least once and no more than twice for 
two-category DWDs. A different probe presenta- 
tion order was developed for each pair of Ss. Within 
a pair, one S observed the reverse order of condi- 
tions used for the other S. 

Results.—The mean reaction time (RT) in seconds 
of correct positive responses was 1.89 for DWDs 
containing words from one category and 2.09 for 
DWDs containing words from 
Correct negative RT wa 
DWDs and was 2.68 for two-category DW Ds. 

It is clear that recognition took longer when 
DWDs originated from two different categories than 
when DWDs originated from a single category. 
Negative latency was greater than positive latency, 
and there was no interaction between response type 
and the number of categories ina DWD. Statistical 
analysis confirmed these observations. Recognition 
RT to DWDs from two categories was significantly 
longer than to DWDs from one category, F (1, 11) 
= 19.0, p < .001. More time was taken for nega- 
tive than for positive responses, F (1, 11) = 42.8, 
p €.001. No interaction between response type 
and the number of categories in a DWD was ob- 

served, F < 1.0. The error rate was 4%. 

Discussion.— The major finding of this research 

was that probes representing one category were 
correctly identified faster than probes representing 
two categories. Clearly the categorical organization 
of probes affected their recognition. There are two 
possible reasons for this finding, It may be that two 
words from one category were read faster than items 
Írom two categories. On the other hand, the organi- 
zation used in acquisition may have affected a 
memory process at the time of testing. 

Reading processes may have been affected in one 

of two ways. Collins and Quillian (1969) have sug- 
gested that the lexicon is organized by categories 


two categories. 
2.44 for one-category 


SHORT REPORTS 


and that the comprehension of a word depends on 
the comparison of input with representations peer 
in the lexicon. If time is required to shift searel 

from one lexical unit to another, the reading of two 
words stored in the same lexical unit requires s 
time than the reading of two words stored in d 
lexical units. The alternative explanation 1s WD 
the reading of the first word in a on iesory 

may have elicited implicit associative 
include other category members. ges 
associative responses may have prepared the Rn 
word in a one-category DWD for faster reading thë 

its counterpart in à Wwo-category DWD. 

"he data, however, may not be à product a 
reading processes, but rather a product of a 
memory process prior to the recognition d 
When words are learned together, it may, 
the comparisons in memory are more rapt ether 
the probes represent those words learned ee 
than when the probes do not. Neither O 


n t 
$ f 4 s. experiment 
explanations can be rejected in this exper! 


responses that 
Such implicit 


f early 


d when 
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i «| togethe 
however, since words that were learned tog 


also belonged to the same taxonomic category with 


Both of these interpretations are consist a 
Tulving and Thomson's (1971) conclusion m". 
recognition requires a retrieval process: EIE d 
and Thomson distinguished. between gus 
in storage, and its accessibility, i.e. 
which an item is found in storage. 
that retrieval operations may be inferr „esenta 
accessibility of a test item is affected by the PY carly 
tion of other information held in storage- yation 
categories affected the acc bility of infor ieva! 
in recognition tests and therefore indicate 2 € 
process as defined by Tulving and "Thomson: 
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DECAY OF ACOUSTIC PROACTIVE FACILI 


LAIRD S. CERMAK? 


AND JAME 


TATION? 


B. SAMPSON 


Tufts University 


Word triads presented within the context of the short-term mei 
r completely or partially 
s separated by one or two 


distractor procedure were cithe 
ately adjacent trials or on trial 
complete repetition consisted of pres 
separate trials, while a partial re 
triads ( 
tated for com 
facilitation effect decreased acri 
interpreted as evide 
two levels of encoding e 


s trig 


In à recent series of short-term memory (STM) 
distractor type experiments, Cermak (1969, 1970) 
vestigated the effect of a complete, or a partial, 
repetition of isolated verbal 1 erial on recall 
Performance. A complete repetition was defined 
as the presentation of the same stimulus material 
on more than one trial, while a partial repetition 
involved presenting either identically sounding 
material (homonyms) or material having similar 
meaning (synonyms) on two separate trial: 

The results of these studies demonstrated that 
both complete and acoustic (homonym) repetitions 
Increased recall probability of the “repeated” items 
when they were presented on adjacent trials, but 
Semantic. (synonym) repetitions did not have this 
Same proactive facilitation (PF) effect. A difference 
between complete and acoustic repetitions appeared 
when several unrelated trials intervened between 
the Wo critical repetition triads. The acoustic 
facilitation effect disappeared when the repetitions 
Were separated by four unrelated tri but the 
Complete facilitation effect remained. 

Unfortunately neither of the previous e 

ermak, 1969, 1970) provided 
of the de ty of PF due to complete versus acoustic 
repetition, since different materials were used in the 


two Studies, and the intermedi 
Never 


tion 


xperiments 
à direct comparison 


acoustic repeti- 

F is important since 
a reflection of the rate of 
various levels on which the initial verbal 
às encoded. A comparison of rates of 
illerent levels of encoding might help to 
Which of two current theories of encoding 
Bregman's (1968) contention that the 
of decay of various levels of encoding is essen- 
Y equivalent or Tulving's (1970) proposal that 
^ pus Sophisticated the level of encoding the 
pee Aent it will be. The present experiment 
iss Signed to test these two hypotheses and to 
te QUOTE as agored iti part by a Tufts 
t BD402U to the senior author. 
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prints should be sent to Laird S, Cermak, 
Psychology Service, Boston Veterans Admin. 
Ospital, 150 South Huntington Avenue, Boston, 
setts 02130, 


enting exactly the same material on tw 
petition consisted of 
an acoustic repetition) on separate trials. 
plete repetitions regardless of the 
5 for the acoustic re 
nce that differential rates of decay exist for at least the 
mployed in this experiment. 
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unrelated triads. 
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o 
presenting homonym 
While retrieval was facili- 
number of in tervening trials, the 
petitions. "This was 


trace the rate of decay of acoustic 
facilitation. 

Method.—The Ss were 216 introductory p 
chology students at Tufts Universi who chose to 
participate in the experiment as partial fulfillment 
of a course requirement, The Ss were randomly 
assigned in order of their appearance to one of the 
nine groups, with 24 in each group. 

A modified version of the Brown-Pe 
tractor task was used. In this procedure, a word 
triad was projected on a screen and S repeated the 
words once; S was then distracted from rehearsal 
until a signal for recall was presented. The dis- 
tractor task consisted of counting backward by 
three's from a number flashed on a screen in time 
with a metronome beating at one beat per second. 
Additional trials followed consisting of different 
word triads but using the same procedure. 

The stimuli were all common words for which a 
homonym existed. Six such word triads, and six 
appropriate homonym triads, were used so that each 
triad could appear in each of the six possible posi- 
tions in the experimental series. 

The experiment consisted of four trials for three 
of the groups, five trials for three groups, and six 
trials for three groups. In all cases the material 
presented on Trial 3 bore one of the following 
relationships to the final trial for each group: 
Groups R—direct repetition; Groups H—homo- 
nym roups C—control, no relationship. Trials 
intervening between Trial 3 and the final trial bore 
no relationship to either of these trials. In order to 
compare the performance of the groups on their 
final trial, all groups received the same stimulus 
material on that trial. The different rel 
were established by presenting different materials 
on Trial 3. The R groups received the same material 
on both Trial 3 and the final trial, the H groups 
received homonyms of the final trial on Trial 3, 
and the C groups received words unrelated to the 
final trial on Trial 3. Any differences in recall on the 
final trial could thus be attributed to the effects of 
the relationships that had been produced previously 
rather than the difficulty level of the final trial, Ay 
stated previously, all of the slides appeared in all 
six positions and bore all three relationships equally, 
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TRIALS 
Fic. 1. Percentage of correct responses for completely 
repeated, acoustically repeated (homonyms), and control 


triads in Trial Positions 4, 5, and 6. 
triad was presented on Trial 3.) 


(In all cases the related 


The S was seated facing a screen upon which the 
material was projected by means of a Kodak 
Carousel 800 projector. The projector was timed 
by a Gerbrands tape timer. The only other ap- 
paratus in the room was a metronome used to pace 

s distractor task. After the instructions had been 
given, Ss practiced on the counting task until 
approximation to the metronome could be achieved. 
The timing and sequence of events were initiated by 
the tape timer for each trial: asterisk (ready signal), 
2 sec., triad presentation, 2 sec., retention interval, 
15 sec., recall interval, 10 sec., rest interval, 6 sec. 
The number of correctly recalled words was recorded 
for each trial. 

Results.—The results for the critical trials (Tri 
4, 5, and 6) are shown in Fig. 1. A two-way analysis 
of variance resulted in significant group, F (2, 207) 
= 49.63, and delay, F (2, 207) = 5.18, both 
ps < .01, differences as well as a significant inter- 
action, F (4,207) = 2.48, p < .05. Tukey multiple- 
comparison tests revealed that the difference 
between R groups and C groups was significant on 
each trial (p < .01). The difference between the 
H groups and C groups was significant on Trial 4 
(q = 6.81, p < .01) and Trial 5 (q = 4.89, p < .01), 
but not on Trial 6. The difference between the R 
groups and H groups was significant on Trial 5 
(q = 3.55, p <.05) and on Trial 6 (q = 6.81, 
b < .01) but not on Trial 4. 

Discussion.—Proactive facilitation produced by 
acoustic repetition decays rapidly across trials; 
however, when this effect is produced by a complete 
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repetition, it does not lose its potential to facilitate 
recall even after several intervening trials. Ap 
parently something more than just the sound of a 
word is being encoded during the presentatior 
interval, and it is this something extra that mueg 
tains the complete repetition’s superiority in = 
trieval probability. Furthermore, this ete 
encoding has a slower decay rate than ye 
acoustic level of encoding (or else it begins to pie 
later) since otherwise its consistent ability to a cals 
tate retrieval even after several intervening bis 
would not occur. This finding favors Towing g 
(1970) theory of dilferential decay rates since 


same effect for the complete repetition. ] " 
The advantage of the complete repetition ove 
acoustic repetition could come from one o 
sources: First, a complete repetition 
visual repetition, ie, the same letter pour) 
Second, a complete repetition involves a se" ccur 
repetition; i.c., the same exact meaning oe an 
twice. While a complete repetition also ve hs lett 
acoustic repetition, this does not give the cor atl 
repetition an advantage over the acoustic repe sue 
provided by the homonyms. Thus, cither the ad 
or the semantic level of encoding is maintaining 
recall superiority of the complete repetition: gnto 
Since visual encoding has already been show 960; 


Ao a " "rapidly than the 
acoustic PF effect disappears more rapidly th 


r the 
two 
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4 Sperling: e 1 
have an extremely rapid decay rate (Sperlit clude 
Turvey, 1967), it becomes necessary t9 4 due t 

"e ' > tec s i5 
that the complete repetition's PF effect ! chi 
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semantic repetition. How Ao 
conclusion immediately evokes the questio 
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à «ae preset, 

no PF effect was found for synonym triads Pyanation 

on adjacent trials (Cermak, 1970). The © ling that 
istra " 


might be that the level of semantic ener istri 

can be achieved within the confines of the fisties. n 

task ds extremely specific and individuali; g 
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"Why should I buy Gerbrands relay programming 
equipment when I have been using other electro- 


mechanical systems for so many years?" 


Why? Because most electromechanical programming systems presently in use were 
originally designed many years ago, and with most manufacturers concentrating on 
Solid state and computer systems, few innovations have been added to relay program- 
ming equipment. 


Until now. 


Our relay programming line is completely new. It is 
easy to use (no engineering symbols or jargon), it is 
reliable, and it is innovative. Innovative with such new 
items as a Digital Interval Timer with push button con- 
trol, a combination one per second/ten per second Pulse 
Generator with solid state Switching, a Cam Stepper 
that incorporates two different mixed sequence steppers 
às well as an alternating stepper, and a rack mount 
Masking Noise Generator that sells for the low price 
of $75.00 fob Arlington, Massachusetts. 


In addition, ours is an expanding line. As new technical 
developments become available we intend to incorpo- 
rate these advances in our relay programming line 
Wherever possible, in order to provide you with new and 
Innovative instruments designed to make your electro- 
mechanical Programming system more versatile and f 
easier to program. 


If you are thinking of purchasing a new electromechan- i 
ical Programming system or are looking for ways in | 
Which you can improve and expand your present sys- I 


tem, write or phone for our latest catalog. 


Ralph Gerbranda Company 


8 BECK ROAD, ARLINGTON, MASSACHUSETTS 02174 (617) 648-6415 


Accept this FREE 3 
144. page guide 


The new 1973 Lafayette Instrument Company 
guidebook of scientific and laboratory 
instruments for the life sciences. 


On page 106, for instance, you'll scc how 

to set up a custom student operant 
conditioning chamber. And that's just one page. 
Each page is filled with facts, prices, and 

f information about our newest quality 
instruments. So naturally, we'd like you 

to get your hands on our guidebook. 


Send for your personal copy today. Ask 
for the 1973 edition of guidebook no. 1170. 


| LAFAYETTE INSTRUMENT COMPANY 
P.O. Box 1279/Lafayette, Indiana 47902/ 317-423-1 505 
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HIGH-SPEED MEMORY SCANNING: 
STABILITY AND GENERALITY ! 


p. J. 


SIMPSON? 


University of Sussex, Brighton, England 


Three experiments were designed to inves 


igate performance in S. Sternberg's 


recognition memory task when (a) Ss were given extended training with non- 
intersecting positive sets containing items that were never associated with the 


negative response, (5) the positive and negative 
from different categories of stimuli, and (c) the s 


creased up to the reh 
function of logs (pi 
replicate Sternberg's findings. 
the idea that Ss employ 


ts contained items drawn 
of the positive set was in- 


sal span for letters. Mean reaction time was a linear 
sitive set size) in each case, and thus the results fail to 
It is argued that the results are consistent with 
a binary matching procedure to select a positive set 


item that is visually similar to the test stimulus and then compare the selected 


item with the test stimulus in a 
selection. 


Sternberg (1966) reported that the time 
taken to decide if a test stimulus were a 
Member of a short list of digits held in 
memory was a linear function of list length; 
and he suggested that performance was 
mediated by a serial Scanning operation in 
Which the test stimulus was compared with 
the memory items. He found that the 
estimate of comparison rate obtained when 
the lists were held in memory for a few 
Seconds was equal to that obtained when 
9S were trained with fixed memory sets 
for 180 trials. Sternberg argued that the 


Process underlying performance when the 


written while the author was 
ence Research Council grant for 


end on "Visual encoding mechanisms.” The com- 
Resa facilities | were provided by the Science 
Nos Sn Council. The author w shes to thank 
the prewtherland and A. D. Baddeley for advice in 
2 Paration of this paper. 
Simp, ests for reprints should be sent to P. J. 
*on, Who is now at the Department of Engi- 


Neering " h A á 
England, University of Cambridge, Cambridge, 


matching operation underlying response 


digit lists were held in memory for a short 
period also mediated performance when the 
digits were held in memory for a number of 
minutes. 

However, when Sternberg's (1966) .Ss 
were trained with fixed memory sets, each 
digit was associated with both the positive 
and negative response during the course 
of the experiment. Thus the training Ss 
received with digits making up the positive 
set on one condition could interfere with 
training on the remaining experimental 
conditions and limit the performance 
achieved. Evidence in favor of this view 
is provided by two studies in which the 
stimuli making up the positive sets were 
never associated with the negative response 
during the course of the experiment. 
Briggs and Blaha (1969) found that when 
Ss were trained to associate sets of random 
shapes with the positive response and were 
presented with a test stimulus made up of 
a Bingle: random shape, performance after 
128 training trials was associated with 2 
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TABLE 1 


COMPOSITION OF THE POSITIVE AND NEGATIVE SETS 
IN EXPERIMENT | 


Size of positive set 


Set E e : 
1 2 ! 4 

Positive R | 
N e 
| D | B,N,R,Z 
Negative | CEJ | CEJ. 
| MPS | MPS 

GUH | 


slope estimate comparable to that obtained 
by Sternberg. But after 256 trials the 
slope estimate was half of that obtained 
by Sternberg. In fact, performance after 
256 trials was not well described by a 
linear function. The mean reaction time 
obtained with a one-item memory set was 
equal to that obtained with a two-item 
memory set. The associated error rates 
were below 1%. 
Ross (1970) gave Ss extended training 
a single-character classification task 
with fixed memory sets made up of letters 
and digits. Ross found that the data were 
well described by a linear function when 
mean reaction time was plotted against 
log» (positive set size). The slope estimate 
was 26.7 msec. per log unit after 120 trials, 
25.4 msec. per log unit after 400 trials, 
and 22.3 msec. per log unit after 800 trials. 


in 


EXPERIMENT | 


Experiment I was designed to investigate 
the effects of training with nonintersecting 
positive sets which were exclusively associ- 
ated with the positive response using an 
experimental procedure directly compar- 
able to that used by Sternberg (1966). In 
Exp. I, the positive and negative sets were 
made of letters of the alphabet so that Ss 
were presented with highly familiar stimuli 
drawn from a single category. 


Method 


Subjecls.—The Ss were six right-handed under- 
graduates at the University of Sussex. None of the 
Ss had received formal training in psychology or 
had taken part in a character-classification task 


before. The Ss were paid at the rate of £.25 per 
hour. 
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Stimuli and apparatus. “The stimuli were upper 
case consonants, and each S was trained with fixed 
positive sets containing one, two, and four items. 
Three different sets of items were selected and a 
subgroup of two Ss was trained with each selection. 
The composition of the positive and negative an 
is presented in Table 1. The items associated a 
the negative response were constant for all Ss, p 
the number of negative set items. varied with the 
size of the positive set to ensure that 10 g maai 
stimuli were presented in each condition, The tes 
stimulus was displayed on an in-line display gik 
and subtended an angle of 1.6° at the viewing dis- 
tance of 100 in. The experiment was run under the 
control of an Elliott 4130 computer. A l-sec. WES 
ing light displayed before the onset of the tes! 
stimulus and, following S's response, the test a 
lus was turned off and a red or green feedback. bs 
was displayed until the next trial was initia. 
The S responded by operating a vertically mount ? 
Bulgin Type M microswiteh with the first finger 
each hand. 

Procedure.—Vach S was run individually | d 
three I-hr. experimental sessions which took jos 
tive days. During cach session, 55 e 
presented with three conditions in which they "d 
trained with fixed positive sets containing one, Sio 
and four items. ach So was presented with dii 
experimental conditions in a different order o" 
three. experimental sessions, and the orders 
balanced for the group as a whole on each 577 
to control for practice and fatigue effects. rhe 
received 160 trials in cach condition, and the tr ial 
were presented in blocks of 32 with an inter e 
interval of 4 sec. On 5047 of trials controlled si 3 
blocks of 16 trials, the test stimulus was a Me™ 
of the positive set. The Ss were instruct? 
associate the positive set with the right-hant 
sponse, and the experimental instructions stre 
that Ss should respond swiftly and only make" 
occasional error. The experimental procedure m 
from that used by Sternberg (1966) in the foll 
respects: (a) Items in the positive set pr 
clusively associated with the positive, ie an 
throughout the experiment. (b) positi” 
negative responses were 


for 


were 


-obable- 
equally probal cts t 
. ~ riye S! 
Sternberg's experiment with fixed positive 


s .28f i 
positive response was required on only 25% 4 
However, data published by Sternberg, ji aficct 
dicate that the slope estimate is not reliably © ons" 


tive POE 


when the relative frequency of the post the 
of mere 


is changed from .25 to .5. (v) S ; com i 
associated with the negative response WE MO iret 
to all three experimental conditions. (d) - .o0f 
financial incentive was offered for accurate 
performance. 


Results 


in eac? 


The i »sented 
lhe first 64 trials presente cio! 


dition during an experimental sets A 
regarded as practice. rhe gt orit | 
sented in Fig. 1 are based on t 
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Fesponses that occurred in the later 96 
trials in each condition. The mean error 
rates obtained in each condition are pre- 
sented in Table 2. All six sets of data 
points exhibited significant linear trends 
(5^ < .001 in all cases). Linear regression 
accounts for over 99.6% of the variance 
for each line presented except in the case 
of the data for positive responses on the 
third experimental session when linear re- 
gression accounts for 97.7% of the variance. 
Trend tests based on orthogonal poly- 
nomials (Edwards, 1966) were carried out 
9n the positive set size variable separately 
r each response type and the three experi- 
Mental sessions as a further test of the 
linearity of the functions. The tests re- 
vealed a significant linear component in 
all cases (p < .01), but the quadratic com- 
Ponents were not significant. A four-way 
analysis of variance was carried out with 
Ss, size of the positive set, response type, 
‘tnd experimental session as factors. All of 
the main effects were significant (p < .01), 
but none of the second- or third-order inter- 
actions were significant. 


Discussion 


The results most closely parallel those ob- 
lained by Ross (1970). The data are well 
described by a linear function when mean re- 
action time is plotted against logs (positive 
Set Size). Training over three experimental 
Sessions affected the intercept but not the slope. 
The average slope was 30 msec. per log unit. 
Ms the results fail to replicate Briggs and 
aha's (1969) observation that after training 


BI 


TABLE 2 
E OF ERROR RATES IN 
PERIMENT [ 


PERCENTA 


Positive set size 
Day Response type —— ———— — 
1 | 2 | 4 
TN j | 
! | Positive 30 | 16 3.5 
Negative A | 1.6 2.6 
* Positive 16 | 40 | 30 
Negative 20 | 6 | 3 
P Positive 23 | 3.3 | 3:3 
a Negative | L3 G | 16 
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Fic. 1. Mean reaction time as a function of 
positive set size, response type, and practice in 
Exp. I. 


the mean reaction time obtained with one- and 
two-item positive sets became equal. How- 
ever, taken as a whole, these three studies 
suggest that when Ss are given training com- 
parable to that given by Sternberg (1966) 
with fixed memory sets that are exclusively 
associated with the positive response, mean 
reaction time is no longer a linear function of 
positive set size and the increase in mean 
reaction time that occurs when the positive 
set is increased from one to four items is sub- 
stantially less than that obtained by Sternberg. 
By contrast, those studies which employ 
Sternberg’s experimental procedure produce 
data that are characterized by a linear rela- 
tionship between mean reaction time and 
positive set size and higher slope estimates. 
Chase and Calfee (1969) reported slope esti- 
mates of 47 and 41 msec. per item in a short- 
term recognition memory task comparable to 
that used by Sternberg (1966). Sternberg 
(1966, 1967) obtained slopes of 38 msec. per 
item, and Bracey (1969) reported slopes of 
38 and 31 msec. per item. In terms of con- 
temporary models of memory, training may 
affect the form in which information is stored 
and the method by which it is accessed. 
Sternberg (1967) has suggested that the slope 
estimates obtained in character classification 


242 P. J. SIMPSON 
TABLE 3 

520 COMPOSITION OF THE POSITIVE AND NEGATIVE SETS 
T IN EXPERIMENT II 
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Fic, 2. Mean reaction time as a function of positive 


set size and response type in Exp. IT. 


tasks may depend on the type of representation 
employed by S to store the memory items. 
The findings obtained in Exp. I, together with 
those obtained by Briggs and Blaha, and Ross, 
indicate that after prolonged training on a 
character-classification task, retrieval of in- 
formation may not be achieved by a serial 
matching operation. 


EXPERIMENT II 


This experiment investigated how per- 
formance in Sternberg's (1966) task was 
affected by presenting S with positive and 
negative sets containing items which are 
already highly differentiated as a result of 
S's extraexperimental experience. The 
positive sets consisted of one, two, and 
four digits, and the stimuli associated with 
the negative response were letters. Thus 
S could base his decisions on the well- 
established skill of categorizing stimuli as 
letters and digits. 


Method 


Subjects. —Vhe Ss were six right-handed under- 
graduates at the University of Suss None of the 
Ss had received formal training in psychology or had 
taken part in a character-classification task before. 
The Ss were paid at the rate of £.25 per hour. 

_ Stimuli and apparatus.—The Ss were trained with 
fixed nonintersecting. positive sets containing one, 
two, or four digits. An unspecified set of upper- 


ith i irits were 
Tw ent selections of digits 
Two dile a o Rene 
The 


sponse. 
made to construct the positive sets, and a, 
of three Ss was trained with cach selection. ‘a 
composition of the positive and negative *d the 
presented in Table 3. The digits 0 and 1 anc á 
letters O and I were excluded. The number ^ 
letters associated with the negative response si 

with the size of the positive set to ensure aa 
different: stimuli were presented in cach condit di 
"The experiment was run under the control e 

Elliott 4130 computer using a visual display, UM ot 
generate the stimuli, A .5-see warning-li: ation Fs 
was presented before the onset of the test stim „wed 
which was also displayed for .5 sec. The ^5 ue 

the display unit at a distance of 30 in., 


pes ost. 

and the es 

ipiis i seyè 

stimuli subtended a visual angle of .5° at the ri 
The Ss 


e 
responded by operating a vertically mount 

vitch with the first finger of each hand. ont 
Procedure h S was run individually Tot ely 
experimental session which lasted approxi ith 
1 hr. During the ion, Ss were presentet fixed 
three conditions in which they trained WIth, ns 
positive sets containing one, two, and four ie 


The Ss received 192 trials, presented in SIN 
of 32 trials, in each condition except in the nal M 
the first condition received, when an addit the 
trials were presented to familiarize 55 he a 380" 
experimental procedure. The Ss were told espo” 
te the positive set with the right-hand E at 

The experimental instructions stresset casio" 
should respond swiftly but with only an bo á 
error. No direct financial incentive was £ 
fast or accurate performance. 


Resulls 


The results are presented in Fig. 2. 
are based on the correct response’ s 
occurred in the last 96 trials pet ol” 
each condition. The mean error out 
tained with the one-, two-, and 1°53 % 
positive sets were 0%, 2%, ane ` 
positive responses and 0%, 1% 
for negative responses. Linear 


ail 


d ip 
regres 


vw 
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accounts for over 99.765 of the variance 
for each line presented. Trend tests, 
based on orthogonal polynomials, carried 
out on the positive set size variable for each 
response type revealed significant linear 
components (p < .01), but the quadratic 
components were not significant. A three- 
Way analysis of variance was carried out 
With Ss, positive set size, and response type 
as factors. All the main effects were 
significant (p < .001), but the interaction 
Was not significant. 


Discussion 

The results of Exp. 11 are very similar to 
those of Exp. I. Mean reaction time is a 
linear function of logs (positive set size), and 
the slope estimate is 37 msec. per log unit for 
the positive response and 30 msec. per log 
unit for the negative response. The results 
Suggest that the operations underlying per- 
formance in a character-classification task 
with positive sets containing up to four items 
are unaffected by the well-established skill 
Which permits Ss to categorize stimuli as 
letters or digits. It appears that the most 
efficient strategy Ss could have employed in 
Tesponse to the experimental instructions was 
essentially the same as that used in Exp. T. 


EXPERIMENT III 


Sternberg (1970) has suggested that since 
the slope estimate obtained with his ex- 
Perimental procedure was unaffected by 
training with fixed memory sets, Ss store 
the items in an active or working memory. 

le suggested that Ss transfer information 
Tom long-term memory into active memory 
cause this will presumably simplify the 
retrieval operation and reduce the time 
taken to respond. This explanation could 
also account for the similarity of the re- 
Sults obtained in Exp. I and II described 
above, 

If Ss in Sternberg's task (1966) make use 
àn active memory in which capacity is 
imited by the rehearsal span, then per- 
°rmance might be disrupted when the 
Number of items in the memory set ap- 
Proaches or exceeds the rehearsal span. 
The data presented by Sternberg (1966) 
re based on experiments in which Ss were 
ether required to remember up to six 


of 


digits for a number of seconds or up to 
four digits for many minutes. Since the 
error rate associated with performance was 
very low, memory sets of 4 and 6 items ap- 
pear to be within the rehearsal span for ac- 
tive memory. Wingfield and Branca (1970) 
presented Ss with memory sets containing 
up to 12 items in a short-term recognition 
memory task. They found that mean re- 
action time increased linearly with memory 
set size up to 10 items, but the error rates 
associated with the 8-, 10-, and 12-item 
memory sets were 10%, 12%, and 20%, 
respectively. These results suggest that 
when the memory set contained 8 or more 
items Ss could not maintain all the items in 
active memory and were forgetting some 
of the items. When Ss are trained with 
fixed memory sets, the items are stored in 
long-term memory. If the number of items 
in the memory set exceeds the rehearsal 
span for active memory, S is not able to 
maintain all the items in active memory. 
Thus Ss could be forced to interrupt the 
matching operation to transfer the remain- 
ing items into active memory or match the 
test stimulus with items stored in long- 
term memory, and reaction time should 
increase as a result. Ross (1970) found 
that mean reaction time was a linear func- 
tion of log» (memory set size) with memory 
sets containing up to 8 items. This finding 
suggests that when Ss are trained with 
fixed positive sets, the rehearsal span for 
active memory is at least 8 items. How- 
ever, the error rates of 6% and 7% 
obtained with 4- and 8-item sets are higher 
than those obtained by Sternberg. Experi- 
ment IIl investigated performance after 
training with memory sets containing 1, 
4, and 8 items when the items are drawn 
from a single category and the error rates 
are comparable to those obtained by 
Sternberg. 


Method 


Subjects. —Vhe Ss were six right-handed under- 
graduates at the University of Sussex. None of the 
5s had received formal training in psychology or 
had taken part in a character-classification task 
before. The Ss were paid at the rate of £.25 per 
hour. 


Stimuli and apparatus. — The Ss were trained with 
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s—a TRIALS 65-128 
e—e TRIALS 129-192 
—— Positive Response 


— - Negative Response 


0.1 2 3 4 5 6 7 8 
SIZE OF POSITIVE SET 


MEAN REACTION-TIME (M Sec.) 


Fic, 3. Mean reaction time as a function of 
positive set size, response type, and number of trials 
in Exp. IIT. 


fixed positive sets containing one, four, and eight 
uppercase letter: An unspecified set of eight 
letters was associated with the negative response in 
each condition. In the case of the one- and four- 
item positive sets, two different selections of letters 
were made and a subgroup of three Ss was trained 
with each selection. The composition of the posi- 
tive and negative sets is presented in Table 4. 
The apparatus, warning-spot and test-stimulus 
duration, and intertrial interval were identical to 
those used in Exp. II. 

Procedure.—Each S was run individually for one 
experimental session which lasted approximately 1 
hr. At the beginning of the session, 5s were given 
32 trials training with a positive set containing two 
digits and a negative set made up of letters in order 
to familiarize them with the experimental procedure. 
They were then presented with three experimental 
conditions in which they trained with fixed positive 
sets containing one, four, and eight items. Each S 
received the experimental conditions in a different 
order to balance out practice and fatigue effects. 
The Ss received 192 trials, presented in six blocks 
of 32 trials, in each condition. On 50% of trials, 
controlled over blocks of 16, the test stimulus was a 
member of the positive set. The 5s were told to 
associate the positive set with the right-hand re- 
sponse, and the experimental instructions stressed 


that they should respond swiftly but with only an 
occasional error. 
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Resulis 


The results presented in Fig. 3 are based 
on correct responses which occurred during 
Trials 65-128 and Trials 129-192. The 
mean error rates obtained during Trials 
65-128 with one-, four-, and eight-item 
positive sets were 2.1%, 1.0%, and 7.8% 
for positive responses and 1.0% , 1.5%, and 
4.7% for negative responses. The cor- 
responding error rates obtained during 
Trials 129-192 were 0%, 2.1%, and 2.196 
for positive responses and 0°, 1.0%, an 
3.1% for negative responses. 

Trials 65-128.—The data obtained for 
positive responses exhibited a significant 
linear trend when reaction time is plotted 
against both positive set size and log: 
(positive set size). However, when reaction 
time is plotted against log: (positive set 
size), the percentage of variance accounte 
for by linear regression (99.606) and 2 
reliability of the linear trend, / = 7 d 
b < .001, are greater than those obtaine^ 
when reaction time is plotted against pos 
tive set size. Linear regression accoun 
for 95.8% of the variance and F = ee 
p < 025, when reaction time is plot! 
against positive set size. e" 

The data obtained for negative respon 
also exhibit significant linear trends wie 
reaction. time is plotted against pos! "i 
set size and logs (positive set size): ace 
this case, the percentage of variety 
accounted for (99.2%) and the relia)! ol. 
of the linear trend, F= 118, P (ted 
obtained when reaction time i$ er 
against positive set size are slightly ore io! 
than those obtained when mean 
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time is plotted against log, (positive set 
Size). Linear regression accounts for 98.6% 
of the variance and F = 58.5, p < .01, 
when reaction time is plotted against log» 
(positive set size). 

The mean slope obtained when reaction 
time is plotted against positive set size is 
26.2 msec. per item. When reaction time is 
plotted against log: (positive set size), the 
Mean slope is 59.8 msec. per log unit. 

Trials 129-192.—Vhe data obtained dur- 
ing this block of trials only exhibit signifi- 
cant linear trends for both the positive 
responses, / = 75.7, p < .01, and negative 
responses, F = 82, p < .01, when mean 
reaction time is plotted against log» 
(positive set size). Linear regression ac- 
counts for over 98.7% of the variance in 
each case. The mean slope was 47.4 msec. 
per log unit. 


Discussion 


Extended training on the task presented to 
the Ss in Exp. II] changes the form of the 
relationship between mean reaction time and 
Positive set size. Training primarily affected 
the reaction time and error rate associated 
With the eight-item memory set condition. A 
four-way analysis of variance was carried out 
With Ss, positive set size, response type, and 
Number of trials (128 or 192) as factors. 
Positive set size (p < .01) and the Practice 

Positive Set Size interaction (p = .025) 
Were significant sources of variance. The re- 
Sults obtained for Trials 129-192 add further 
Support to the finding that after extended 
training with fixed positive sets mean reaction 
time is a linear function of log» (positive set 
Size), and suggest that if Ss make use of some 
orm of active or working memory the rehearsal 
Span is at least eight items. However, it 
Should be noted that the mean slope of 47.4 
msec, per log unit associated with performance 
during Trials 129-192 is substantially higher 
than the mean slope obtained in Exp. I. 


GENERAL CONCLUSION 


„In Exp. I and III, it was found that when 
E Were trained with fixed positive sets con- 
taining items which were never associated with 
Je negative response, mean reaction time for 
Dositive and negative responses was a linear 
rection of log» (positive set size). The same 

Sults were obtained in Exp. II when the 
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positive and negative sets contained items 
drawn from different categories. The similarity 
of the results obtained for positive and nega- 
tive responses suggests that even after ex- 
tended training, Ss select a response by execut- 
ing an operation in which the test stimulus is 
matched with the positive set items and the 
matching operation is exhaustive. However, 
the relationship between mean reaction time 
and positive set size obtained in these experi- 
ments is not consistent with the serial matching 
operation proposed by Sternberg (1966). The 
results suggest that the decisions underlying 
response selection have been reorganized. 
Therefore, since Sternberg (1967) has argued 
that Ss employ visual representations of the 
test stimulus and positive set items after 
training, the results suggest that extended 
training modifies the process in which Ss match 
the test stimulus with visual representations 
of the positive set items. 

The relationship between mean reaction 
time and positive set size obtained in these 
experiments could be interpreted in terms of 
the binary matching procedure discussed by 
Hick (1952) and Welford (1960). The binary 
matching model was originally introduced to 
account for performance in a choice reaction- 
time task in which a single stimulus was 
mapped onto each response. Hick proposed 
that his data were consistent with the view 
that Ss categorize the stimulus by applying 
a series of subdecisions each taking approxi- 
mately the same time. With the first sub- 
decision, Ss identify the stimulus and the 
response to it as lying within one half of the 
total possibilities, with the second subdecision 
as lying within one half of this half, and so on 
until the actual stimulus, and hence the re- 
sponse to it, has been located in memory. 
However, Welford has argued that it seems 
unlikely that 5s can develop a decision pro- 
cedure which will discriminate between the 
alternative stimuli in the ideal way envisaged 
by Hick. In practice, a binary decision pro- 
cedure may only permit a partial categoriza- 
tion of the test stimulus presented for classi- 
fication, Thus, although a binary matching 
procedure could enable Ss to select the most 
likely alternative from among the stimuli 
held in memory, an additional operation in 
which the selected item is itself matched with 
the test stimulus may be required before a 
response can be generated. In the context of 
a recognition memory task, a binary matching 
procedure could take the form of a series of 
matching operations in which Ss initially 
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check the test stimulus for visual features 
which characterize subsets of the items in the 
positive set. This decision procedure would 
provide Ss with partial information about the 
structure of the test stimulus that could be 
used to select a positive set item which is 
visually similar to the test stimulus. The 
positive set item selected by the binary match- 
ing procedure could then be compared with 
the test stimulus in the final matching opera- 
tion underlying response selection. If the 
time taken to check for a visual feature of the 
test stimulus is comparable to that needed to 
match a positive set item with the test stimu- 
lus, then a binary procedure would offer no 
advantage over a serial matching operation 
with a two-item positive set. However, a 
binary procedure would reduce the number of 
decisions underlying performance with a 
four-item positive set to three, i.e., two binary 
decisions plus one matching operation between 
the test stimulus and a positive set item. 
With an eight-item positive set, the number of 
decisions could be reduced to four, i.e., three 
binary decisions plus one matching operation. 
Thus a binary model predicts that the relation- 
ship between mean reaction time and positive 
set size should be well characterized by a 
linear function when reaction time is plotted 
against log» (positive set size) and is com- 
patible with the results obtained in the present 
set of experiments. 
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TESTS OF AN ALL-OR-NONE MODEL OF VERBAL 
MEDIATED RESPONDING! 


KENT L. NORMAN? axp IRWIN P. LEVIN 


University of Iowa 


Choice behavior was investigated in multiple-choice task that requires 
S to choose the alternative that “goes with" a stimulus word, where one alterna- 
tive may be chosen on the basis of an experimentally induced mediator. A 
mathematical model was proposed as an initial attempt to understand how the 
mediation process proceeds over trials. The main assumption of the model 
is that Ss come to use the same mediator consistently from one trial to the 
next in an all-or-none manner. Experiment I used a double-function list of 
common nouns for the acquisition stage and included a mixed- and an unmixed- 
list presentation of test items. Experiment 1l used a three-stage chaining 
paradigm with stages of the type paralog-noun, noun-trigram, and paralog- 
trigram, in which the third stage (test list) contained either two or three 


response alternatives. Reliable mediation effects were obtained in each 


experiment, and the all-or-none 
The number of free parameters nec 


sumption 
ty 


supported in each experiment. 
to account for the data was deter- 


mined for each experiment and the effects of the variables of interest were 


related to specific parameters. 


In a test for mediated responding, Ss 
learn the paired associates A-B and B-C 
and then are given a test-only multiple- 
choice task with A as the stimulus and C 
as one of the response alternatives. If C 
is chosen at a greater-than-chance level, 
mediated responding is said to have oc- 
Curred. Mediated responding is distin- 
guished from mediated facilitation in that 
it is not evidenced in a learning task but 
na test of associative strength. The S 
is given a choice task in which he is in- 
Structed to give the alternative that is 
"best paired" or "goes with" the stimulus 
term. The S receives no feedback as to 
the correct or incorrect response. <A 
Number of investigators have produced 
reliable mediated responding using a variety 
of lists and procedures (e.g., James & 
Hakes, 1965; Norman, Levin, & Williams, 
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ship, National Institute of Mental Health Grant 
MH-51134-01, 
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orman, Department of Psychology, University of 
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1970; Peterson & Blattner, 1963; Weaver, 
Hopkins, & Schulz, 1968). 

The typical dependent measure used to 
indicate mediated responding is the number 
of choices of a chaining alternative (the 
alternative that may be chosen on the basis 
of an experimentally learned mediator) in a 
fixed number of trials. Earlier investiga- 
tions typically were designed to demon- 
strate qualitatively that mediated respond- 
ing does occur. Little attention has been 
given to a quantitative analysis of the 
process by which S arrives at his choices. 
Now that mediated responding in a paired- 
associates chaining paradigm has been 
established as a reliable phenomenon, such 
quantitative analyses would appear to be 
warranted. The present approach to the 
problem of analysis is the application of a 
mathematical model capable of making 
detailed predictions and estimating param- 
eters that can be tied to independent 
variable manipulations. 

The present interpretation of the process 
underlying mediated responding is that 
when S is presented with Stimulus A, he 
may "sample" an associate to A. This 
associate may be the experimentally learned 
mediator B or some preexperimental 
natural language or idiosyncratic associate, 
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'This implicit associate then evokes a 
recognition of one of the alternatives. ES 
is sampling from a pool of associates, there 
is a nonzero choice probability associated 
with each of the alternatives on a given 
trial. At some point, S may narrow the 
pool down to one associate and thus choose 
one of the alternatives consistently. 
Though other studies have attempted to 
indicate whether or not Ss mediate in an 
all-or-none manner over items (i.e., use 
the same “rule” on all of the items in the 
list), the present study asks whether Ss 
come to choose a mediator in an all-or-none 
manner for a given item. 

A Markov chain with absorbing states 
will be used to model behavior in the choice 
task. Each item may be in one of three 
states. The first state is a random-choice 
state, R, in which S chooses Alternative C 
with probability ge < 1. In this state, S 
samples from a pool of implicit associates. 
The other two states are absorbing states 
in which S consistently chooses Alternative 
C or consistently chooses a Nonchaining 


State on 
€ R 
State on C 1 0 
Trial i R pe 1-e 
X 0 0 


Two experiments with widely different 
lists and paradigms were conducted to 
test the basic all-or-none assumption of the 
model and to determine whether or not the 
model provides an adequate description of 
the data. Several independent variables 
were manipulated and their effects on the 
model's parameters were assessed. In Exp. 
l, a procedure similar to that used by 
Norman et al. (1970) was employed. The 
Ss learned a 16-item double-function list 
containing A-B and B-C associates. Four 
chaining items of the type A — C, N were 
presented as an unmixed test list for one 
group of Ss. A mixed-list group received 
the four chaining items plus an additional 
four nonchaining items of the type A — 
Xi, Xs in which neither alternative could 
be chosen on the basis of an experimentally 
induced mediator. The list 


test was 
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Alternative X. 1f the item is in the 
C-choice state, C, the Alternative C isgiven 
consistently, and if the item is in the 
X-choice state, X, an Alternative X 1s 
given consistently. The probability of 
leaving State R to enter one of the absorb- 
ing states on any one trial will be designated 
c. The probability that an item ends in 
State C will be designated p, and the 
probability that an item ends in State < 

will be 1 — p. Thus, on any one trial, 2€ 
is the probability of going from State R to 
State C, and (1 — p)c is the probability 
going from State R to State X. These 
transition probabilities are assumed not t? 
change over trials. The probability of hens 
in a particular state on Trial 1 will m 
assumed to be the same as the transition 
probability from State R to that state 
since all test-only trials are identical. rs 
matrix of transition probabilities for ps 
three states, the probabilities of being » 
each state on the first trial, and the P C) 
abilities of choosing Alternative C: eM 
in each state are as follows: 


Trial n + 1 
g Start 
X Vector P) 


0 pe 1 
a zw] [o 21 n 
1 (1 — py 0 


— ad 
repeated until the same alternative Pr 
been given on five consecutive 1725. (o 
each item. This criterion correspont ed 
the assumption that the item has eret 
an absorbing state. In Exp. HI, e with 
stage chaining paradigm was use pul 


lists similar to those introduced D} nbe" 
The nun, 


f [s 


Weaver, and Ginsberg (1965). ) wá 
of alternatives per item in Stage ^ n 
at two for one group and at thi 
another group. 


METHOD 
Experiment I 
(an 
Materials.— The materials were the sanie 


used by Norman et al. (1970) and are descr? P oe 
here. The double-function list was coml 
high-meaningful nouns. The list of 16 jam 
was constructed so that two out of eve ^y 
nouns served as both stimuli and response cach 
the 16 pairs there were four instance? 
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four types, which may be designated A-B, B-C, C-D, 
and E-F. Two variations of the list were con- 
structed to counterbalance chaining and nonchaining 
items. Of the eight mixed-list test items, half were 
nonchaining items, in which neither of the two 
Fesponse alternatives could be chosen on the basis 
of a med ting chain. An example of a chaining 
Hem would be DANGER paired with Foor, and FOOT 
with cup in the double-function list in which ccr 
Was the alternative that would be chosen for DANGER 
on the test stage if SY utilized the mediating chain. 
In all c s, the two alternatives for a given item 
had been of equal exposure during acquisition to 
reduce response bias. The four items in the un- 
mixed list were identical to the chaining items in the 
mixed list. 

Procedure phe double-function list was 
sented as a paired-associate task using a study—test 
Method. Three different orders of the study list were 
typed on a tape for presentation on a Stowe memory 
drum at a 2:2 sec. rate for study and test intervals, 
respectively, with a 2-sec. intertrial interval. The 
Was performed to a criterion of two errorless 
trials, not nece sarily in a row. After a short 
Interval, four orders of the mediation test were 
Presented on a tape, and an S-paced rate for present- 
Hg items we adopted. The list was continued until 
the same alternative for cach item had been given on 
live consecutive. trials. The instructions for this 
Stage required S to say the stimulus word and then 
Dick One of the two response words that he thought 
might be correct, remembering the first list. that 
1e learned, The S was required to give the number 

or 2 representing the left-right position) of that 
Word. The S was further told that he should change 
i 'swer in later presentations of the list only if 
de had a reason, 

Subjects —The 64 Ss comple 
inert bated to fulfill a cours requirement in an 

uctory psychology c at the University of 
They were ¢ igned randomly to two groups 
or Sd si. 3 for mixed and unmixed pres ntation 
male lest list with the restriction that half. were 
ze, Od. half were female in each group. These 
Soups Were further divided with one half receiving 
ular ai of the double-function list making a partic- 
other ternative the chaining alte native and the 
x half receiving the form making the other 
ernative the chaining alternative. Eighteen Ss 
'Scarded due to the inability to reach the 
tion criterion on the double-function list 
lin 35 trials, 


pre- 


ing this experiment 


We 
equisi 


Ius ue 
A berimen II 


we o als. — The materials were similar to those 
The y Schulz et al. (1965) but are described briefly. 
Ist used in Stage 1 was composed of eight 

ing, p noun pairs. The paralogs were of low mean- 
The p $S and the nouns of high meaningfulness. 
Boys s list used in Stage 2 was composed of eight 
Stage ‘gram pairs, the nouns coming from the 
Cve, list. The trigrams were low-meaningful 
^ NG baralog had as its highest free associate 
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any of the subsequent nouns. Internoun associa- 
tion was minimal and formal similarity for CVCs 
was minimal. The A-C list used in Stage 3 was 
composed of the paralogs from Stage 1 and the 
trigrams from Stage 2. 

Procedure.—The lists for Stages 1 and 2 were 
Presented using a study-test method. During 
study trials the pairs were presented singly at a 
2-sec. rate. During test trials a multiple-choice 
procedure was used, which consisted of presenting 
the stimulus term with four of the response terms 
numbered in order from one to four. The S was 
instructed to say the number corresponding to the 
appropriate alternative within a 2.5-sec. exposure 
duration. In assigning the distractoi for the mul- 
tiple-choice test trials, counterbalancing measures 
were used with regard to the frequency of occur- 
rence and ordinal position among the alternatives. 
The intertrial interval was 2 sec., during which a 
yellow tape appeared in the aperture. Four random 
orders of the list were repeated until a criterion of 
two successive errorless test trials was reached. 

Six random orders of the Stage 2 list were pre- 
sented as a test-only task. A multiple-choice 
procedure was used which consisted of presenting 
the stimulus term with either two or three alter- 
natives numbered in order. The instructions for 
Stage 3 were similar to the test-only instructions in 
Exp. | but the emphasis on choosing the same 
alternative unless S had a reason was dropped. The 
S was instructed in this stage to say the number cor- 
responding to the alternative that "goes with" the 
paralog. The items were presented at a 3-sec. rate, 
but if S failed to respond, the drum was turned back 
to the item and S was required to choose one of the 
alternative The intertrial interval was 3 sec. For 
the two-alternative group the list was repeated 
until the same alternative had been chosen on five 
consecutive trials for each item. For the three- 
alternative group the list was repeated until the 
ne alternative had been given on four consecu- 
tive tri 


Subjects.—The 48 Ss completing this experiment 


had been gned randomly to the two groups of 
equal size with the restriction that half were male 
and half were female in each group. The two- 
alternative group was subdivided into two groups, 
each receiving a different Stage 2 list causing one 
of the two alternatives to be the chaining alter- 
native. Likewise, the three-alternative group was 
subdivided into three groups, each receiving a 
different Stage 2 list causing one of the three alter- 
natives to be the chaining alternative. Five Ss 
were arded due to their inability to reach the 
tion criterion on the Stage 1 list within 35 


ReEsuLts 
Mediation Effects 
The two groups in Exp. I did not differ 


significantly in the mean number of trials 
to criterion on the double-function list, 
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TABLE 1 


RrsULTS or TESTS OF STATIONARITY AND INDEPENDENCE 


—— E 


Exp. I 


Exp. II 


Two alternative 


Chaining items | Nonchaining items 


eS E 


1 
Three alternative 


End in X End in C End in X 


square test for stationarity 


End in € 
| E aco 
= Chi- 
P à | 7 x a 2 = 7.99 
4(7) = 481 (7) = 1.43 x°(8) = T. 
7) = 4.87 | x te ds nse AG 


b».50 


x*( = 5,42 


x'(0) = 7.19 ue 5 


p> 20 


xa) = 3.98 
b» 50) 


Split-half difference test for stationarity 


era [d 
(49) = 120. | ((30) = 1.19 1(46) = .35 (Q0) = 181 | 71) = L32 | (G3 75 
p» 20 p» 20 p > 50 10 » p > 05 p> 10 PP: 
m Chi-square test for independence i ee: 
e ER = dr: . 
mE, 0) = 49 | x) 2200 | xq 2108 | xq 2 | x07 
p.30 p> A0 p> 0 p> 20 p.50 pee a 


F (1, 60) < 1. Similarly, the two groups 
in Exp. II did not differ significantly on 
either Stage 1 or 2, ((46) < 1, in both cases. 
These results would indicate that any 
subsequent differences on the test stage 
may not be explained by appealing to 
differences in the paired-associate learning 
ability of the two groups in each ex- 
periment. 

In order to establish mediated respond- 
ing in a manner comparable to previous 
studies, only the first five trials of the test 
stage will be considered at the present. 
In the mixed-list group in Exp. 1, the mean 
number of choices of the Chaining Alterna- 
tive C was 3.09 per chaining item, whereas 
the mean number of choices of the cor- 
responding Alternative X; was 2.33 per 
nonchaining item. Analysis of variance 
indicated that type of item (chaining vs. 
nonchaining) was a significant source of 
variance, F (1, 28) = 6.61, p < .05. In 
the unmixed-list group the mean number 
of choices of a chaining alternative was 
3.38 per item. This value was significantly 
greater than the value expected by chance 
alone (2.50), /(31) = 4.75, p < .001, using 
a one-tailed test. The difference between 
the means for the chaining items in the 


mixed-list and unmixed-list groups was not 
significant, ((62) = 1.16. 


In Exp. Hl the mean number 
of the chaining alternative 1n 


alternative list was 3.29 per item, wu 
was significantly greater than the ys0» 
expected by chance responding Salter 
(Q3) = 3.71, p < 01. In the three, 73, 
native list the mean per item was value 
which also was greater than. the (1.67): 
expected by chance responding liable 
(Q3) = 494, p< 001. Thus, 7 each 
mediated responding was found t° 
group in each experiment. 

Tests of the All-or- None Assumption E, 


Mar" s 
"he all-or-none assumption of the : rin 
model focuses on choice behavior dd qh 
before entry into an absorbing 5t® 
model requires that during the Guy om 
choice trials there be stationar t Us 
choice probabilities must be cons ‘dent? al 
one trial to the next) and indeper 1 rie 
responses (the choice probability i of Li 
n must be statistically independe" AC 
choice made on Trial ” 
square test of stationarity: 
difference test of stationarity! pa 
square test of independence ed 
where the model predicts ae jain? 
for each test. These tests are € Cro 
detail by Atkinson, Bower, an bie 
(1965, pp. 39 49). In ge we 


an 
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protocol the trials before the last switch 
in choice for a given item are assumed to 
represent random-choice trials. In Exp. T, 
items reached criterion early so that the 
number of observable random-choice trials 
Was small. In Exp. H this was not the case, 
and a large number of random-choice 
trials was observed. 

... lf the proportion of C alternatives chosen 
In the trials before criterion depends on the 
alternative in which the item ends, then 
response protocols for items ending in 
Alternative C must be analyzed separately 
rom items ending in an X alternative. In 
Exp. I, no significant dependency on the 
alternative in which the item ended was 
indicated for the chaining and nonchaining 
items, Furthermore, the random-choice 
trials of the chaining items in the mixed 
and unmixed lists were combined to in- 
Crease the power of the tests for stationarity 
and independence. In Exp. IH, the propor- 
tion depended on the alternative in which 
the item ended in both the two-alternative 
and three-alternative groups so that the 
Observations of the random-choice trials 
Could not be combined. 

. The results of the tests of stationarity and 
Independence are shown in Table 1. It can 
e seen from the p values that the model's 
assumptions of stationarity and indepen- 
dence of random-choice trials are tenable. 
Phe plausibility of the all-or-none assump- 
tion is indicated by the fact that of the 18 
Separate tests, none reached significance at 
the 05 level. Hence, further tests of the 
Model's predictions were conducted. ‘These 
tests, unlike the tests for stationarity and 


TABLE 2 
ESTIMATES OF PARAMETERS 


Exp. I Exp. IL 
Estimate Un- Miren Mcd T "" Three- 
sist Nr 34» 
chaining | "img | chaining | native | native 

E E items items items 

5 718 | .675 | .465 | .730 | .697 
: 342 | 351 | .290 | 221 | i54 
ee | 1662 | :517 | .614 | 658 | ‘aos 
xs | aar ms 533 | s20 | 204 


TABLE 3 


TESTS OF PARAMETER INVARIANCE BETWEEN IT 
THAT ENDIN ERNATIVE C OR ALTERNATIVE 


Cond. € free € invariant 
ge free | .00 | x67 üi) 
gc invariant | 90.08 (1) 91.61 (2) 


s, —2(max log L) subject to the ap- 
propri; minus —2(max log L) subject to no 
constrai . Parenthesized numbers are the c egrees of freedom 
of each chi-square relative to th cell with no constraints, 


independence, required estimation of the 
model's paramet 


Parameter Estimates 


Estimates of 5, c, and ge Were obtained 
in the following manner: Since parameter p 
is defined as the probability of an item 
ending in Alternative C, it may be esti- 
mated directly from the observed propor- 
tions of items ending in Alternative C. 
These estimates are presented in Table 2, 
For c and g. the present model states that 
the same parameters apply whether the 
item ends in Alternative C or in Alterna- 
tive X. A more general model would in- 
clude different parameter values for these 
two types of items. This model may be 
thought of as having one two-state process 
for items ending in Alternative C and 
another two-state process for items ending 
in Alternative X, where values of c and £c 
could be different for the two processes. 
No transitions between the two processes 
would be allowed. 

The simplifying assumptions of the pre- 
sent model that values of c and values of Le 
be invariant for the two processes con- 
stitute a set of null hypotheses that can be 
evaluated by likelihood ratio tests. The 
tests of invariance of one parameter are 
not independent at different constraints 
of the other parameter. However, if all 
the possible tests are conducted to form a 
matrix of results, each null hypothesis 
(assumption of invariance for a particular 
parameter) can be evaluated in combination 
with all the possible hypotheses about the 
remaining parameters. This method of 
assessing parameter invariance is reported 
in greater detail by Greeno and Scandura 
(1966). Table 3 presents this matrix for 
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all the data. In the first column, esti- 
mates of c are allowed to differ for items 
ending in Alternative C or Alternative X, 
and in the second column, c is assumed to be 
the same for both types of items. Anal- 
ogously, in the first row ge may differ for 
the two types of items and in the second 
row ge must be the same. Each entry in 
the table is distributed asymptotically as 
¿x? with the degrees of freedom as shown in 
arentheses determined by the number of 
constraints placed on the cell relative to 
the hypothesis of no constraints. As shown 
in Table 3, none of the test statistics for 
hypotheses that include invariance for c 
are significant relative to corresponding 
hypotheses that allow c to be free. How- 
ever, separate estimates of ge must be 
obtained depending on the alternative in 
which the item ends. This is reflected in 
the fact that the entries in the second row 
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are statistically significant relative to those 
in the first row. - 

"These tests indicate that two values of ge 
must be estimated. Let gee be the param- 
eter applying for items ending in Alterna- 
tive C and gex be the parameter applying 
for items ending in Alternative N. The 
parameter c is invariant over itenis ending 
in Alternative C or Alternative N. This 
leads to a model which represents a COM- 
promise between the general model and the 
initially proposed model. Though the same 
transition rates hold for items ending 1 A r 
ternative C and items ending in Alternativ? 
X, the response probabilities are differens 
in the random-choice state. This may b 
represented by two different random-choic? 
states, Re for items ending in Alternative g 
and Rx for items ending in Alternative ^" 
and is described by the following transit! 
matrix and probability vectors: 


State on Trial n + 1 


Start 
C R Ek X Vector PC) 
' [4 1 0 0 0 pe 1 
State on Re |é l=e 0 0 b - eo) flere 
Trial » Re |0 0 1—-c c (1— p)(1 — c) eis 
X 0 0 0 1 ] (1 — px | 0 J nii 
UE d 
ies A TET : : a «par pret? 
Ihe maximum likelihood estimates for the — list condition in Exp. | may be interP and 
parameters c, gee and ges are presented as meaning that the parameters €, Be ihe 
in Table 2. 


Effects of independent variables on the 
model's parameter.—The same type of 
analysis may be extended to testing param- 
eter invariance over experimental condi- 
tions. Such an analysis will reflect gthe 
effects of independent variables onthe 
model's parameters. Table 4 presentszthe 
matrices for the three experimental com- 
parisons. The matrix of results for chain- 
ing and nonchaining items in the mixed- 


TABLE 4 
TESTS OF PARAMETER INVARIANCE BETWEEN EXPERIMENTAL CONDITION 


Pee . Tet wee? 
gex do not vary significantly benwan "- 
two conditions. The entries for hy : a 

" . gin . :Gcnant 
of invariance do not differ significa! je 


A à “po ; 
the corresponding entries for Td nt 
hatallow these parameters to 9e aft 
that allow these parameters A i 

^ value ' 
However, if the observed values | (punt 


compared, a significant difference ln ieri 
Xt(1) = 11.38, p < .001. Thus 

of the model, the chaining « 
items appear to be alike 


in all ini 
á Cc 
except that the proportion 


Chaining versus nonchaining 


Mixed versus unmixed list 


c free ¢ invariant 


, c free cimvaram | eMe 1091 U 
Bere and guy free — 00 81 (1) 00 06 (1) | _ -00 1.65 AA 
Hore and fers invariant 58 (0) | 146 Q) | 638 (0 | Tit (Q2) | 59.54 ih 
osnan S UN | —— oi Put 
- E Sees VOS 7 "—-— — < 108 Agit 
Note.— va i xi inus -20A no tol 
in Note nekenti in a particular matrix is —2 (mas log L) subject to the appropriate constraints minus 2 ih nd" 


Parenthesized numbers are the degrees of freedom of each chi-square relative to the cell w 
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items that end in Alternative C is greater 
than the proportion of nonchaining items 
than end in the corresponding Alterna- 
tive X, 

The matrix of results 
in mixed- and unmixed-list conditions in 
Exp. I indicates that the parameter c can 
be assumed invariant between the two 
Conditions but gee and Sex differ. In the 
Unmixed-list condition there appears to be 
a greater tendency in State R to choose the 
alternative in which the item ends. Finally, 
the values of p for the two conditions did 
not differ significantly. 

From the matrix of results for constraints 
9n the parameters over the two-alternative 
and three-alternative conditions in Exp. II, 
It appears that v, gero, and gezx all vary across 
Conditions. The differences between the 
estimates of gero and gex for the two condi- 
tions certainly are expected since the 
Number of alternatives varied. The values 
of c in Table 2 indicate that the probability 
of leaving the random-choice state on a 
given trial was less for the three-alternative 
Condition than for the two-alternative con- 

ition. A standard correction for chance 
May be applied to the observed values 
of 5 in order to estimate the proportion 
Of items on which S used the experi- 
Mentally induced mediator. This estimate 
IS 464 for the two-alternative condi- 
tion ang 946 for the three-alternative 
condition; however, they do not differ 
“nificantly, 


for chaining items 


Discussion 

The two experiments represent independent 
tests 9f the all-or-none model of verbal medi- 
me responding. In both cases, the all-or- 
tenay) {ssumption of the model appeared 
mas since the predictions of stationarity 
choi Independence of responding in the random- 
ma ice trials were not rejected. However, 
sli imum likelihood tests indicated. that a 
Y more general model than that initially 
Sed was needed. This model included 
ate estimates of £« dependent on whether 
“item ended in Alternative C or Alternative 
3 Mus, it would appear that performance 
robap;, 2 ndom-choice state is related to the 
addig Hity of ending in Alternative C. Tn 
tligg, D to the goodness-of-fit tests reported, 

cal and observed values of various 


X 
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statistics like the mean and variance of the 
trial number of the last switch in choice and 
the total number of choices of a particular 
alternative were compared) Though minor 
discrepancies could be noted, they were not 
great enough to warrant any changes in the 
model's assumptions. 

The assumption of an all-or-none process 
occurring in the choice of mediators is an 
important one. Though the mediators in the 
pool of possible associates may have attained 
their status due to their strength of association 
acquired during previous stages, the prob- 
ability that a particular mediating chain of 
associations comes to be chosen consistently 
over trials appears to depend on an all-or-none 
process. It may be possible to relate this 
mathematical process to verbal hypotheses 
about the subprocesses of mediation, For 
example, the assumption of an all-or-none 
transition from State R to States Cor X may 
be used to identify the concept of the *'dis. 
covery” of a mediator. Schulz and Lovelace 
(1964) proposed the concepts of discovery and 
utilization of verbal mediators as being central 
to the understanding of mediational processes. 
Discovery was thought to be a function only 
of the study interval during paired-associate 
learning of A-C, However, this relationship 
could not be maintained due to the findings 
of Weaver et al. (1968) that study trials were 
not a necessary requirement for mediation to 
occur. Nevertheless, they maintain that the 
concept of discovery may still be useful. If 
an all-or-none process is implied by “dis- 
covery," then the concept may be anchored to 
à theoretical process that may be tested em- 
pirically. The present study represents the 
first attempt to test directly the notion of an 
all-or-none choice of a verbal mediator. 

One advantage of a formal model is that 
the effects of independent variable manipula- 
tions often can be localized in one or two of 
the model's parameters. The results of the 
Present analyses (as summarized in Table 4) 
would indicate that the effect of the establish- 
ment of an experimentally induced mediator 
(chaining vs. nonchaining conditions) is local- 
ized in the parameter b, the proportion of items 
ending in Alternative C. This implies that 
the magnitude of the mediation effect is best 
measured by 5 when c or £c differ between 
conditions. When c and & are invariant, then 


* Copies of the table of theoretical and observed 
values and the equations used to calculate the 
predicted statistics are available from the first 
author. 
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the number of chaining alternatives chosen in 
a fixed number of trials would be a linear 
transformation of p and essentially would 
convey the same information. The parameter 
c was found to be greater for the two-alterna- 
tive list than for the three-alternative list. It 
may be that it is the increase in information 
transmission with three alternatives over two 
alternatives that reduces the probability of 
giving the same alternative consistently. In 
paired-associate learning an increase in in- 
formation transmission increases the latency 
of responding (Judd & Glaser, 1969). It is 
possible that in this task an increase in the 
time necessary to process the material is 
responsible for the decrease in c. Confirma- 
tion of this hypothesis must await experimenta- 
tion in which the latencies are obtained. 
Finally, the parameter gą appears to be affected 
primarily by the number of alternatives per 
item. That g. differs for items that end in 
Alternative C or Alternative X might indicate 
an interdependence between the probability 
of choosing Alternative C in the random- 
choice state and the probability that S will 
come to choose Alternative C consistently. 

There is some question as to whether the 
entire mediation effect is observed on the 
first trial or whether performance couldincrease 
over trials due to mediation. Greeno and 
Scandura (1966) used a paired-associate trans- 
fer task and found that all facilitation due to 
verbally mediated concepts was evidenced on 
the first trial or not at all. This was not the 
case in the present experiments. Increased 
mediated responding was observed on later 
trials. However, the present task differs in 
that no feedback is given to S as to whether 
he is correct or not. 
paired-associ 


It is possible that in the 
ite learning task the increase in 
correct responses due to reinforcement over- 
shadows the facilitation due to transfer 
past the first trial. Weaver et al. (1968) 
argue that, in the paired-associate learning 
task, performance is confounded by study 
trials and the formation of nonmediated 
associations. In the test-only task, conditions 
are optimal for the investigation of mediated 
performance. It is interesting to note that in 
the present model all mediated responding 
would be evidenced on the first trial if either c 
were near one or g. were equal to p. 
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| 
Though the present results tend to support l 
the model, it is not proposed that this type 
of Markov model be the final description 0 | 
the proc underlying mediated responding. 
Rather it is meant to be an initial attempt (9 
test formally some basic assumptions about . 
the mediational process. underlying beta 
in certain choice tas The present stuey 
demonstrates that a mathematical model E 
be usefully applied to mediation experimen” 
It also indicates that a mathematical proce 


ani o8 
be used to give formal meaning to $ 


ma Mies d rd 
previously unanchored term like disco nis 
and that the role of independent variables ! on 
be localized in terms of their effects 9 

parameters of the model. 
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HOMONYMS AND SYNONYMS AS RETRIEVAL CUES! 


LEAH L, 


LIGHT? 


Pitzer College 


The 
retrieval cues. All 
In Exp. I homonyms were st 
homonyms were studied 
(a) free recall, (b) a two-alternative 
alternative forced-choice qu recognitic 
of TBR words, and (d) a two-alternative 


s studied a list of 45 


s isolated uni 


which Ss circled synonyms of TBR words 
) from free recall, to synonym cues, 


(from poorest to bes 
recognition. Implications of these result 
sis are discussed. 


In cued recall experiments, Ss are typi- 
cally Presented with a list of to-be-remem- 
bered (TBR) words to study. At some 
ater time they are asked to recall the list 
and are given prompts or retrieval cues for 
the TBR words. Retrieval cues are said 
to be effective to the extent to which they 
result in recall scores higher than those ob- 
tained by unaided or free recall. The 
Present article is concerned with the effec- 
tiveness of homonyms and synonyms 
retrieval cucs, 


as 


i l'homson and Tulving 
recently differenti 
eses regarding 
retrieval cues: 
YYpothesis 
'YPothesis, 


UE. ^ clearly 

„nes that no cue, however strongly associated 
TBR item or otherwise related to it, can 
ve unless the TBR item is specificially 
With respect to that cue at the time of its 
'* According to the associative con- 
vothesis, if a strong preexperimental asso- 
ts between Verbal Units A and B, then 
an effective retrieval cue for B, and 


(1970) have 
ated between two hypoth- 
the nature of effective 
the encoding specificity 
and the associative continuity 
In their words, 
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udied alone 


forced-choice recognition test, (c) 


two experiments reported here investigated the properties of effective 


to-be-remembered (TBR) homonyms. 
or embedded in sentences; in Exp. II 
Memory was tested by means of 
a two- 
on test in which Ss circled homonyms 
forced-choice quasi-recognition test in 
Memory test scores were ordered 
to homonym cues, to 
for the encoding specificity hypothe- 


ts. 


simply by virtue of the existence of such 
ion and regardless of the specific nature of 
encoding events occurring at the time of the storage 
of the TBR unit (p. 255. 

As is often the case, neither hypothesis 
alone seems to be capable of accounting 
for all the experimental findings. On the 
one hand, several studies have found that 
cues presented for the first time at recall 
are either ineffective in boosting recall 
scores or else have a positively detrimental 
effect on recall (e.g., Dong & Kintsch, 1968; 
Earhard, 1969; Funkhouser, 1968; Thom- 
son & Tulving, 1970; Tulving & Osler, 
1968). On the other hand, cues which are 
associatively or semantically related to 
TBR words have proven effective when 
presented for the first time at recall Ce, 
Bahrick, 1969, 1970; Bilodeau & Blick, 
1965; Lloyd, 1964; Wood, 1967). Also, 
Kintsch and Hogan (1971) have found that 
cues presented for the first time at recall 
were effective after several trials in a 
multitrial free-recall experiment. 

One difficulty in evaluating this research 
stems from the fact that it is impossible to 
know how .S is encoding the TBR words 
when they are presented. Therefore, re- 
sults which fail to support the encoding 
specificity hypothesis can sometimes be 
discounted by arguing that Ss may indeed 
have encoded TBR words with respect to 
retrieval cues later offered by E. This 
problem is less serious for hypotheses about 
the nature of effective retrieval cues offered 
by Bahrick (1969, 1970), Bower (1970), 
and Kintsch and Hogan (1971). Although 
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there are some differences among them, 
these hypotheses have in common the no- 
tion that recall involves both search and 
recognition. Retrieval cues initiate search 
in long-term memory with recognition 
checks being performed on retrieved items; 
items passing the recognition test are pro- 
duced as overt responses. Let us assume 
that words are stored in long-term memory 
as lists or collections of units which specify 
their meaning, sound, and other attributes. 
Retrieval cues permit search to be initiated 
on the basis of some one or more of these 
properties. The items specified by a given 
cue may be called the search set (after 
Shiffrin, 1970). On this view, any word 
which includes a TBR word in its search 
set may serve as a retrieval cue for the TBR 
word. The probability that a TBR word 
will be included in the search set of some 
retrieval cue will be a function of the extent 
to which the retrieval cue and the TBR 
word share common properties as well as of 
the particular search strategy that S uses 
at a given moment. (For instance, if 
examination of the entire search set is not 
carried out, a TBR word may not be 
retrieved even if it shares many properties 
with some retrieval cue.) Hence, it is not 
necessary that S specifically encode a TBR 
word in respect to some retrieval cue at the 
time of storage in order for that cue to be 
effective. The only requirement is that 
there either be some previously established 
relationship between the TBR word and a 
cue or that .S establish such a relationship 
through some mediational process during 
storage. 


The two experiments reported here in- 
vestigated the relationship between search 
set specificity and recall accuracy. As 
Shiffrin (1970) has pointed out, recognition 
memory tests are tasks in which S is given 
the maximum amount of information about 
search set —all the properties of the word are 
specified and the amount of search required 
before performing a recognition check is 
minimal. In the case of free recall, almost 
no information about search set is given at 
the time of recall so that the amount of 
search is at a maximum. Between these 
two extremes lie situations in which Æ 
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raphy. Thus, either member of a homo- 
nym pair ought to be an effective retrieva 
cue for the other when search is directe 
along acoustical properties of the cue wi 
cause the overlap in relevant properties 3 
high and the size of the search set !5 very 

h ion © 


small so that exhaustive examinat 
while 


the search set is likely. However: 
many English words have several 
nyms, none of these synonyms aie 
exact—i.e., the overlap in semantic proP 
ties of synonym pairs is less than He ive 
Synonyms should therefore be less effect! 

as retrieval cues than homonyms | oro 
the overlap in semantic properties of at 
nym pairs is less than perfect and the k 
of the search set is likely to be relati? e 
large so that the probability of an en ps 
tive search at the time of recall is redu? of 
Thus, one would predict a continu! ij, 
accuracy in performance from free T YI 
to synonym retrieval cues, tO homon? 

retrieval cues, to recognition. 


offers retrieval cues which vary in the prob- 
ability with which they include TBR 
words in their search sets. Although they 
typically overlap very little in semantic 
properties, homonym pairs such as ISLE 
and AISLE or ALLOWED and ALOUD have 
identical or nearly identical acoustic proper- 
ties and are often highly similar in orthog- 


Ct 


EXPERIMENT | 
Method 


Design. This experiment invests 
formance accuracy as a function. © Ss a 
information about TBR words olferee’ © 
time of memory testing. AIL Ss studied 4 ory 
homonyms and were then tested for Ny c 2 
means of recognition, homonym 
synonym retrieval cues, or free re 
words in isolation are often subject. fC 
one semantic interpretation, an effort NT 
increase the likelihood that TBR were® gemi oe 
synonym cues would be given the gu , 
interpretation by having half of the EL 
nyms embedded in sentences which ME 
semantic eue meanings of the TBR wore: fro 
embedding was also designed to deter 27 
ing that the words they were 
homonyms. The remaining 55 2 
homonyms as individual words. 


"n 
memory test and the two method 

periment 
ym 


presentation generate eight ex 


" [^ 
free recall-words (FR-W), synon 
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(5-W), homonym cues-words (LL-W), recognition- 
Words (R-W), free recall sentences (FR-S), syn- 
onym cues-sentences (S-S), homonym cues-sen- 
tences (H-S), and recognition-sentences (R-S). 
Materials —Forty-five homonym pairs were sc- 
lected from Whitford (1966) such that intralist 
acoustic and semantic similarity were judged to be 


low. One member of each pair was chosen to be the 
TBR word and the other served as its homonym 
cue Y sample of 23 college-aged Ss provided 


Synonyms for the TBR words and the most fre- 
quent response for each homonym served as the 
Synonym cue. On the average, each synonym was 
Siven as a response 51 of the time. The TBR 
Words, homonyn nd synonyms were matched as 
Closely as possible for frequency of occurrence. 
E ‘amples of TBR words, their homonym cues, and 
their synonym cues include (in that order) HARE, 
HAIR, RABBIT; FAIRY, RRY, ELF; SWEET, SUITE, 
SUGARY; CHIC, SHEIK, STYLISH; ALLOW LOUD, 
PERMITTI 3D; MANNER, MANOR, WAY; URE, 
FISHER, crack, For cach TBR word, a 5- to 10- 
Word sentence was written which biased the semantic 
Cue meaning of that TBR word; each sentence was 
Composed so that the ynonym cue could have been 
substituted into the sentence frame for the TBR 
Word without undue awkwardne Examples of 
Such sentences are: He can run a tas à HARE; 
the FAnRY lived in an enchanted castle; they had 
SWEET cakes with their tea; she wore a cic dress 
Pa leit is not ALLOWED here; he always 
omel LES, I his own MAN) iR; the earthquake 
ünd E. 4 FISSURE in the ground. The TBR words 
(wi, Meno "s were dittoed, one word or sentence 
ds; the TBR word underlined) per Page and 

Anged in booklets in random order. The order 


of T 
y TBR words for sentence and word booklets was 
1e Same, 


lined ; Alig free-recall test, Ss received a sheet of 
tive eee lhe recognition test was a two-alterna- 
nyms ced-choice test; distractor items were homo- 
engt roughly matched with the TBR words in 

Vand frequency of occurrence. In the usual 
trig will experiment, S is simply given a list of 
nay Val cues at the time of recall and told that they 
SLOT may not help him to remember the TBR 
*— In this experiment, some Ss were to receive 
ieva. 15 or synonyms of the TBR words as re- 
Ship ^, Cues and were to be informed of the rel tion- 

tween the cue and the TBR word. To pre- 


lom, 
ny! 
ter Yi 


Vent 
SYnon, from simply generating a homonym or à 
aq tym for cach retrieval cue in these conditions, 


Wasi-re, ce 
ho, ‘S-recognition procedure was employed. H 


Wi 1 onym Cue was paired with the distractor used 
i tage Corresponding TBR word on the recogni- 

St Tn the H-W and H-S conditions, S's task 
ik, Circle the word in each pair that sounded 
FBR ` One of the TBR words and to write down the 
Con ina as well. Similarly, for the 5-W and S-S 
O08, cach synonym was paired with another 
d ‘S's task was to circle the one word in each 
Write Wat Meant the same as a TBR word and to 
Mateheg WIE the TBR word. — Distractors were 
roughly on length and frequency with 


i) 
1 
x 


synonym retrieval For the recognition, 
synonym cues, and homonym cues tests, items were 
randomized so that each third of the test included 
equal numbers of items from the beginning, middle, 
and end of the study list. The order of items was 
the same for all three conditions. 

Subjects.—All Ss were high school students, in 
Grades 9-12, and. were tested in intact classrooms. 

Procedure—In cach room, half of the Ss 
studied words and the remaining half studied sen- 
tences. Memory tests were randomized in blocks 
of four and were handed to 5s in order of testing. 
Each S first received a study booklet with instruc- 
tions printed on the cover. These instructions re- 
quested Ss to study the words or sentences (paying 
particular attention to the underlined words) and 
informed them that there would be a memory test 
after the list had been studied. The nature of the 
memory test was not specified at this time. Every 
5 sec. S turned a page of his booklet in response to 
a signal from Æ and studied its contents. 

Following list study, booklets were collected and 
the written memory test was administered. Stan- 
dard instructions were used for the free-recall and 
recognition conditions. Instructions for the H-W 
and H-S conditions requested S to circle the one 
word in each pair which sounded just like a TBR 
word and to write down the TBR word, gave ex- 
amples of homonyms, and encouraged Ss to guess 
if uncertain. Instructions for the S-W and S-S 
conditions asked S to circle the one word in each 
pair which meant the same as a TBR word and to 
write down the TBR word, gave examples of 
synonyms, and encouraged S to guess if uncertain. 
Unlimited time was allowed for the memory test. 


cues. 


Results 


Although the experimental design called 
for equal numbers of .Ss in each cell, 
exigencies of testing in classrooms and the 
failure of some Ss to follow instructions 
resulted in unequal cell frequencies. The 
numbers of Ss lost due to failure to follow 
instructions were two from H-S, four from 
S-S, four from H-W, and two from S-W. 
All data were analyzed using unweighted 
means analyses of variance (Winer, 1962). 

The data were analyzed in two ways. 
Scores for each S in the quasi-recognition 
conditions were first expressed as a propor- 
tion (of 45) of correct circling responses. 
Scores for Ss in the recognition and free- 
recall conditions were also expressed as 
proportions correct. Proportions for Ss in 
the recognition and quasi-recognition condi- 
tions were not corrected for guessing. 
Means and standard deviations for propor- 
tion correct as well as number of Ss in each 
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TABLE 1 
EXPERIMENT |: PROPORTION CoRRECI 
ON RECOGNITION TASK » 
| Type of memory test 
Statistic | — E 
Recog- | Homonym | Synonym | pree recall 
nition cues cues | 
Words 
—_ » - a 
| 319 
M | O18 | .838 3129 E 
SD .078 | 3148. | .16 134 
n 20 14 17 20 
j Sentences 
M | 96 .806 679 | — .180 
SD | 059 093 | .092 | .085 
n | d? | 16 14 19 
| -— = = 
condition are given in Table 1. Scores 


evidently increase with cue specificity. 
Analysis of variance of these proportions 
resulted inan F (3, 129) = 298.92, p < .001, 
for type of memory test. The main effect 
for study method was also significant, 
F (1, 129) = 10.50, p < .01. Since the 
interaction was significant at the .05 level, 
F (3,129) — 2.98, simple effects were com- 
puted for both factors. Simple effects for 
both types of study method were highly 
significant, with Fs of 121.19 and 180.71 
for word and sentence conditions, respec- 
tively, both ps < .001. However, within 
type of memory test, only the difference 
between words and sentences on free recall 
reached significance, / = 16.48, p < .001, 
suggesting that the locus of the interaction 
effect is here. Newman-Keuls tests were 
performed on cell means within each type 
of study method. For both word and 
sentence study, all differences between cell 
means were significant at the .05 level. 
Second, recall performance in the homo- 
nym cue, synonym cue, and free-recall con- 
ditions was compared to recognition per- 
formance. A strict scoring criterion was 
adopted: Credit was given for a word only 
if it was spelled correctly and was written 
next to its homonym or synonym in the 
quasi-recognition conditions. A laxer cri- 
terion would not have affected the outcome 
of the analyses. For this analysis, recall 
scores for the quasi-recognition conditions 
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were conditionalized on correct circling 
that is, instead of computing proportion 
correct out of 45 possible, proportion cor 
rect recalls given correct circling were cont. 
puted—and were compared to free-recall 
and recognition scores. This step was taken 
because Ss in the homonym cue conditions 
circled more words correctly than did Ss 
in the synonym cue conditions and thus hae 
à greater opportunity to use appropriate 
retrieval cues than did Ss in the synony™ 
cue conditions. Conditionalizing ON cor- 
rect circling ought to reduce this bias e 
analyzing the recall scores. Means of d 
conditional proportion correct recall ns 
and standard deviations are given 1n Yan 
2. Analysis of variance once again produe" 
significant effects for method of st d 
F (1, 129) = 5.39, p < .05, and for YE 
of memory test, / (3, 129) = 239. 

p «.001. The F (3, 


' 
129) for the inte. 
action was 5.34 which is significant at a 
.01 level. Simple effects for word eap cl 
tence study were computed, giving 5d 
89.71 and 155.60, respectively, both Pe 
001. Again, study method failed to id ) 
an effect on recognition accuracy Of on ate 
effectiveness for homonym cucs, 
fected synonym cue scores, [ (^ 7 
= 7.66, p « .01, and free-recall — — 
F (1, 129) = 11.40, p < .001.. New" 
Keuls tests performed on cell means Ww 


study conditions again revealed @ "m 
anti? 


but 


within each level to be signific 


TABLE 2 
os 1 

ExrrRiMENT 1: CONDITIONAL PRO! 
RECALLED 


ON 
og I9? 


Type of memory tet m 
all 
ES — al 
Statistic i | i cree fe 
Recog- | Homonym | Synonym | re 
nition | — cue eux 4 a 
! — RES - " 
E X 
Words a | 
e A» 
M O18 n oy ^ 2 
SD (075 150 17 -i 
P 
Sentences e l 
| a y 


M 916 877 396 wA 
F E, D ` 5 
SD (059 | .060 | 164 B 4 
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ferent from each other at the .05 level with 
the single exception of the difference be- 
tween H-S and R-S which was not 
Significant. 

The above analyses were also carried out 
using proportions to which the arc sine 
transformation had been applied. Analyses 
of the transformed data yielded virtually 
the same results as those of the original 
data and need not be reported. 


Discussion 


Regardless of whether one considers circling 
accuracy or recall performance in the qu 
recognition tasks, memory performance im- 
Proves with retrieval cue specificity. As pre- 
dicted, accuracy was best for recognition and 
Poorest for recall with homonym and synonym 
Cues Producing intermediate performance. 

"Oups cued with homonyms produced higher 
Scores than did the free-recall groups. Simi- 
arly, groups cued with synonyms performed 
better than the free-recall groups; this finding 
55 in line with Kintsch and Hogan's (1971) 
i Nonetheless, homonym retrieval cues 
Cte ar more effective than synonym retrieval 
bv r l'his result is in accord with findings 
and vulman (1970) for short-term memory 
© with Klein's (1970) finding that false 
„arms on a recognition memory test following 
long or short delays are much more 
to be homonyms of TBR words than 

antically related words. 
Banach conclusions to be drawn from other 
8 of the experiment are more ambiguous. 
bred predicted that the S-S condition would 
ie t better recall than the S-W condition 
tse S's attention would be focused by the 

Context on semantic properties of 
R words which were shared with the 
cue. Although there was no differ- 
task aeter these two groups on the circling 
On th “roup S-W performed significantly better 
lar. Gall task than did Group S-S. Simi- 
Group Toup. FR-W performed better than did 
sho, IP ERAS. Why these two test conditions 
lave been sensitive to differences in 
ong Methods, while recognition and hom- 
by di retrieval cue conditions were unaffected 
plaine Ces in study method, cannot be 
d at this time. 


sem 


EXPERIMENT I1 


i 

N s m P 

thag n Possible objections to the inference 
©Monym cues are more effective than 
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synonym cues result from methodological 
shortcomings of Exp. I. First, there was 
no way of evaluating whether the distrac- 
tors used in the various conditions of Exp. I 
were equivalent in difficulty. If, for some 
reason, the distractors differed in attrac- 
tiveness so that correct alternatives were 
more likely to be selected for circling in the 
recognition and/or homonym cue condi- 
tions than in the synonym cue condition, 
the results of Exp. I could be attributable 
to this artifact. Exp. II included three 
control conditions to assess the relative 
attractiveness of the distractors used in the 
various conditions. Second, Ss in the homo- 
nym conditions in Exp. I might have be- 
come aware during list presentation that 
the TBR words were all homonyms. If 
they did become aware of the homonymous 
nature of the TBR words and encoded them 
specifically with regard to their homonym 
counterparts, the results of Exp. I could 
easily be attributed to encoding specificity. 
In Exp. II, all Ss were asked at the end of 
the experiment whether they had noticed 
that the TBR words were homonyms so 


that performance of "unaware" and 
"aware" Ss could be compared. 
Method 

Design and procedure. — V hree experimental groups 


were involved in the main portion of this study. 
All Ss studied the TBR words used in Exp. 1. One 
group received a two-alternative forced-choice 
recognition test (Group R); one group received a 
synonym quasi-recognition test (Group S); and one 
group received a quasi-recognition homonym test 
(Group H). The Ss were tested either individually 
or in small groups of two to four. In all other 
respects, these three groups were treated identically 
to the corresponding groups of Exp. I. 

Three other control groups were later tested to 
determine whether or not guessing probabilities for 
the three types of tests were identical. The Ss in 
the control experiment did not study the TBR list 
but simply took the memory test. They were 
instructed that other Ss had studied a list of words. 
For the recognition control conditions, Ss were told 
to select the one word in cach pair that they believed 
to have been studied by the other Ss. For the homo- 
nym and synonym control conditions, Ss were 
asked to circle the homonym or the synonym of the 
word they believed the other Ss to have studied. 
These Ss were also tested individually or in groups 
of up to four Ss, 

Subjects.— The Ss in the main c 
college undergraduates whose parti 


riment were 
pation in. the 


TABLE 3 
EXPERIMENT I]: PROPORTION Correct 


| Š 
| Type of memor: 


Statistic 


Recognition 


| Homonym cues | Synonym cues 


951 .881 | 071 
SD 066 | 068 | 070 
experiment fulfilled a course requirement. Fifteen 


Ss served in each experimental condition. Data 
from 1 additional S were discarded from the homo- 
nym condition for failure to follow instructions. 
The Ss in the control experiment were primarily 
paid volunteers. Nine Ss were tested in cach control 
condition, but the data of 1 S in the synonym control 
condition who failed to follow instructions were 
discarded. 


Results 


As in Exp. I, the basic data to be ana- 
lyzed were proportion correct recognition 
and quasi-recognition scores with no guess- 
ing correction applied. (See Table 3.) A 
one-way analysis of variance indicated 
significant differences among the three main 
experimental conditions, F (2, 42) = 68.65, 
p «.001. The proportion of variance 
attributable to experimental treatments was 
estimated by means of w? to be .750. Per- 
formance was best for the recognition condi- 
tion and worst for the synonym condition 
with the homonym condition falling inbe- 
tween; all pairwise comparisons of cell 
means were found to be significant at the 
.05 level by means of a Newman-Keuls 
test. 

Means of the proportion correct for the 
three control groups were .551 for the recog- 
nition control, .544 for the homonym 
control, and .553 for the synonym control. 
Given the virtual identity of these means, 
it seems safe to conclude that the results of 
both Exp. I and Exp. HH are free of artifacts 
having to do with differential “attractive- 
ness" of distractors used in constructing 
memory tests in the recognition and quasi- 
recognition conditions. 

The mean of the mean proportions cor- 
rect for the three control groups was used 
às an estimate of base-line or “chance” 
performance for the three main experi- 
mental conditions. Proportion correct for 


LEAH L. 


LIGHT 


ana 1 
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sulting in fs of 6.70, 18.86, and 25 0 
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conditions, respectively- < 
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recogni uon level. 


ts(14) were significant at the 001 d 
Although Exp. I did not include a un 
À these results suggest t 


recall condition, v serve 


both synonyms and homonyms m: 
as effective retrieval cues. 


xdiate 
formance was best for recognition. interes 
for homonym and synonym cues, and e port 
for free recall. These results do not ae is 
the specificity hypothesis. Most damas aym 
the finding that both homonyms and 
were quite effectiv 
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GENERAL DISCUSSION 
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In the two experiments reported he 
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time of output. Proponents of the 
specificity hypothesis might claim tha 
nyms are such effective retrieval Ct 
their sounds are encoded at the xe y an 
TBR words since they are acoustic wo 
visually almost identical to the b 


bes pen "a ange 
Fo quote Thomson and Tulving — rres 
to cot re 
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homonym cue might be said 
“to a part of the total encoding pa 
senting the perceptual cognitive T 
of the occurrence [p. 261] of the ! í 
during storage. The difficulty here he ex? ii 
mining the precise interpretation ol erbe r 
sion “a part of the total encoding pas is inte 
the encoding specificity hypothest® 
preted to mean that Ss must 


a cule “ace 
n : im wd sud 
plicitly consider a TBR word an jc t0 be t 
together during storage for that x: peen Bk 
tive later, homonyms should eee the ^ qn 
tive cues only for Ss who notices : storage v of 
ist = 
Y tant Y 
Exp. II, Ss were asked to indicat i 
J 


words were homonyms during l 

: at all ors 
not they had noticed that all € s 
TBR words were homonyms at 


* » mt 
studied those words. In the Hus 
H 3 aware 
tion, 6 Ss were classed as aw F ' 
oO 


my 
an s 
yet * gret 


classed as unaware on the bas a Sst 
to this question. . Mthough na Ww 8 
mean of 918 correct as compare’ s, P t 
rect for unaware Ss, | (13) = "ean * sl 
one-tailed test, the unaware 5 


il fax Higher at of the i 
still far higher than that o „quent d in 


ür 
tion. Furthermore, a subs pedd: TO 
12 Ss studied the homonyms em uei yo 
sentences used in Exp. | and qe (he po! 
whether or not they had notice 


HOMONYMS AND SYNONYMS AS RETRIEVAL CUES 


mous nature of the TBR words. None of these 
12 Ss could be classified as aware, suggesting 
that the results obtained for sentence study in 
Exp. I are not likely to be due to specific en- 
coding of the homonymous counterparts of 
the TBR words. 
, Therefore, the encoding specificity hypothe- 
SIS, as stated by Thomson and Tulving (1970), 
Stands in need of revision. Consideration of 
the finding that homonyms and synonyms are 
effective retrieval cues may afford suggestions 
as to directions which such revision might take. 
Homonyms and synonyms differ in at least 
two way First, homonyms are typically 
very similar in terms of acousti and ortho- 
Sraphic properties whereas synonyms are 
Probably somewhat less similar in terms of se- 
Mantic properties and are rarely similar in 
Orthography, Such similarity may affect 
recall during either the retrieval or the recogni- 
tion stages, During retrieval, S may limit 
Search to items which are highly similar in 
Properties to the retrieval cues available to 
um; hence, TBR words which are less similar 
to retrieval cues may not be retrieved at all 
See Bahrick, 1969, 1970), On this argument, 
homonyms are more likely to be retrieved than 
qi nonyn * Alternatively, similarity may af- 
trie, Be recognition process directly. — Re- 
We = words may be more likely to pass tests 
it the, Presence of recency or contextual tags 
retrieval share many properties with their 
account Pe Such a notion. would also 
ree te eua the fact that intrusion errors in 
bes pt of categorized lists tend to be mem- 
rather i 10se categories represented. on uet 
as NT dan unrelated words (Bousfield, 1953), 
receen: as for the fact that false alarms in 
cally nition tend to be semantically or acousti- 
. Similar to TBR words (Anisfeld, 1969). 
in 9nd, homonym sets are no doubt smaller 


dens than synonym sets. Most homonym 
Wheres. not exceed three or four in number 
ably es Synonym sets are probably consider- 
digi, rr Ber though their exact size would be 
affect t to estimate. Search set Sue may 
Words the probability of retrieval of TBR 
here B experiments such. as those reported 
In the hen confronted with homonym cues 
have i "Iuasi-recognition conditions, Ss may 


Sets „En able to generate the entire search 

both alternatives. Under these cir- 
„ances, recall would be dependent only 
Chee: c rility to perform adequate recognition 
ith iy On the other hand, when confronted 
no onym cues in the quasi-recognition 
ton of the present experiments, Ss face 
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two potential problems: (a) If the search sets 
are large S may terminate search before re- 
trieving a TBR word and be forced to guess, 
and (5) since the number of retrieved items 
would tend to be larger than in the homonym 
condition, 5 may experience difficulties in dis- 
criminating among alternatives even if the 
TBR word has been retrieved (Davis, Suther- 
land, & Judd, 1961). Still, synonym cues 
restrict memory search more than do free-recall 
instructions, and performance is better when 
synonym cues are given. Of course, the supe- 
riority of recognition as a measure of retention 
can be attributed either to the fact that 
search is limited to only one item or to the fact 
that the TBR word and its retrieval cue are 
identical. 

Unfortunately, the present experiments do 
not permit a clear separation of the effects of 
similarity and search set size on the effective- 
ness of retrieval cues. Such a test would re- 
quire that homonyms and synonyms be 
equated for degree of similarity and this con- 
dition was not met here. It is, however, possi- 
ble to hold search set size constant by consider- 
ing only the homonym pairs. Juola, Fischler, 
Wood, and Atkinson (1971) have suggested 
that homonym pairs which contain the same 
number of letters and have not more than two 
different letters be considered visually similar 
while those not meeting this requirement be 
considered visually dissimilar. The homonym 
pairs used in the present studies were classified 
as similar or dissimilar on this criterion. Each 
S was assigned a score representing the differ- 
ence between the proportion of similar homo- 
nyms which were not recognized and the pro- 
portion of dissimilar homonyms which were 
not recognized. In Exp. I, Ss were more 
accurate on visually similar homonyms, £ (29) 
= 2.31, p < .05, for Groups H-S and H-W 
combined; in Exp. Il, the difference was of 
marginal significance, ! (14) = 1.86, $53.10. 
Thus, there is some evidence, albeit of a 
limited nature, that when search set size is 
held constant the efficacy of retrieval cues is a 
function of their visual similarity to TBR 
words. Future experimental work on the 
encoding specificity hypothesis should investi- 
gate the effects of search set si and degree of 
similarity of TBR words to retrieval cues. In 
this way, boundary conditions for the opera- 
tion of the encoding specificity hypothesis may 
be established. Encoding specificity may be 
unnec ry when retrieval cues specify very 
small search sets or when the degree of simi- 
larity between cues and TBR words is high, 


262 


but when one or both of these conditions 1s 
not met, specific encoding may be required to 
ensure retrieval cue efficacy. 
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VESTIBULAR ADAPTATION IN MAN: 
EFFECTS OF INCREASED ACCELERATION DURING 
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The purpose of this study was to invest 
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igate the course of vestibular adapta- 


tion following a temporary increase in angular acceleration (4). Eight normal 


Os, who were rotated in a precision rota 
estimates of their perceived velocity thr 


ation device, gave periodic magnitude 
oughout a prolonged 1°/sec? A, which 


was briefly increased to either 2? or 3°/sec? at four points in theadaptationcycle. 
y i Pp y 


The data, tested with analysis of varian 


ce, showed that the size of the magni- 


tude estimates was influenced by the magnitude and position of the altered A. 


The duration of subjective response w 
altered .1. 
served. 


ufected only by the position of the 


Habituation, overshoot, and negative aftereffects were also ob- 
Response measures were shown to be interrelated. The results were 


discussed in reference to cupular displacement and vestibular adaptation. 


The torsion pendulum model, based on 
"üpular mechanics, successfully predicts 
Subjective vestibular response to angular 
acceleration (4) when experimental con- 
ditions are similar to those of the natural 
environment (Guedry, 1965). Research 
pas clearly established, however, that sub- 
re response systematically diminishes 
ally qj; ieoretical expectation and eventu- 
e M ae eder when O is exposed to pro- 
Cher » Constant As (Brown, 1966, 1968; 

ark & Stewart, 1968, 1970; Parsons, 


à E reported studies have indicated how 
ange in A affects subjective response 

& subsequent prolonged, constant A. 
$ study was addressed to the problem 
determining the effects that changing 
bab different magnitudes and at different 
Es tons in the adaptation cycle have upon 
„p Perception of a constant A. Specifi- 
» the hypotheses were: (a) There 
Ween k a systematic relationship be- 
. Me position in the adaptation cycle 
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during which a constant stimulus is altered 
and the subsequent adaptation to a con- 
stant stimulus, and (b) there would be a 
systematic relationship between the mag- 
nitude of the stimulus change and the over- 
all adaptation rate to a subsequent con- 
stant 4. 


METHOD 
Observers 


Eight men between 21 and 31 yr. of age partici- 
pated in this experiment. Their good health and 
normal vestibular and auditory functioning were 
established by self-affirmation and a physical ex- 
amination. All had vestibular thresholds below 
-9° ‘sec, as determined by a prior study (Roberts, 
1971). They had no previous experience with pro- 
longed As nor with the magnitude estimation 
procedure. 


Apparatus 


The Ames Man-Carrying Rotation Device 
(MCRD), a one-degree-of-freedom simulator capa- 
ble of reaching velocities of 45 rpm in either direc- 
tion, was used to present the As (Clark & Stewart, 
1968). The MCRD is a small, enclosed room with 
à comfortable chair equipped with a lap and shoulder 
harness and a headrest that holds O's head sta- 
tionary at the center of rotation. An analog com- 
puter controls the A magnitude of the MCRD 
within .01°/sec*, and effects A changes of the 
MCRD within .1 sec. Distracting stimulation is 
reduced by the virtually vibration-free operation of 
the MCRD and by ventilating fans which partially 
mask external noise. An ink-writing recorder 
registers the velocity, acceleration, and computer 
output data. 


264 TRACY LUSTER 
LL Isec? Acceleration 
------------- Magnitude Estimotes 
S 4 TIME TO 
=e 3 [PEAK MAGNITUDE 3 E 
oz x ES l 
ul sm 
E 9 a In 
aw 2 $7 
24 o I 
ES | | 258 
uo o 
we [*] E 
ag p NER 
2c 30 sec Sup 
55 Negotive 
Se Duration of Aftereffects 
= Test Acceleration 
TIME l 
Fic. 1. Example of a base-line trial, stylized magnitude estimates, and the increment? 
used to alter and present the independent variables in the experimental conditions. 
nd 
Procedure types of trial sessions: practice, base 4 
- experimental. «tie ial l 
Observer's task.— The O's task was to estimate The prats im a" or 
the magnitude and direction of perceived rotation familiarize O with the task, to allow Y gnitl 
(POR) while in complete darkne 


Throughout 
each trial, O verbally reported magnitude estimates 
at least once every 10 sec. and even more often 
while his magnitude estimates were changing. ‘The 
estimates were recorded to the nearest second. The 
magnitude-estimate method, described in detail by 
Clark and Stewart (1968), involved a ratio scaling 
procedure in which O used his own numerical scale. 
He initially identified his chosen base number 
(modulus) with a minimum POR, and then re- 
ported proportionately greater numbers with corre- 
sponding increases of POR velocity. 

Description of trials.— The O was accelerated to 
10 rpm at the beginning of cach session so that the 
rotational velocity attained during the first trial 
would not exceed the limits of the MCRD. A 
constant velocity was maintained for 2 min. before 
the first trial so that any aftereffects could dissipate. 
The A was then presented and O continually re- 
ported magnitude estimates throughout the trial. 
The A was terminated 30 sec. after O reported a 
null magnitude estimate followed by either another 
null magnitude estimate or a magnitude estimate 
in the opposite direction of the A. The magnitude 
estimates of any negative aftereffects were recorded, 
and the trial was terminated when O had given 
15 sec. of consecutive null magnitude estimates. 
The control trial, during which there was no .1, was 
terminated 2 min. after it began. 

Sequence of wials.—Each of the two to four 30- 
min. trial sessions Os participated in each day 
consisted of six or seven trials with a l-min. rest 


interval between each trial, and a 30-min. rest 
period between each session. 


There were three 


his 
hoose 


portunity to select a modulus for 
estimates, and to allow him to € 


; He Wt fil 
criteria for null magnitude estimates n crit 
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or more consecutive peak magnitut " 
midpoint between the first and las locit 
as E point of peak subjective o divi iat 
trial. jur *? 
part of the adaptation cycle o f 
equal time segments for each O. j^ 
onset of A (Fig. 1). These perio. e 
B, C, and D, cover the 
subjective velocity during a prolon 
stant A, 


rise anc 
ged 


The remaining sessions consisted se ^ a 
trials during which a prolonged, or P ri 
creased during Interval As P: =! s an" 
2° or 3°,'sec? (Fig. 2). There w^ tb rer" 
experimental condition, identica i nik se 
condition, in which the A Wa "phe mo 
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fe: » contr 
mental conditions and one € 


E 


VESTIBULAR ADAPTATION IN. MAN 


Over-| 


Acceleration 
Magnitude Estimates 


moo 


(22354) 
NOILVY37300" 


MAGNITUDE ESTIMATES | 
ARBITRARY SCALE UNITS 


Duration 


Duration of Response 
Following Reduction of. 
Altering Acceleration 


BN 
B|[C|D Test Acceleration 
Test 
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Fic, 2, Example of stylized magnitude estimates 


trial in which a 1°/sec? A was increased to a 2 


Presented randomly in cach of five blocks randomly 
rdered for each 0. 


RESULTS 


stati data were analyzed graphically and 
clude teally. The Results section will in- 
data for the following effects: the 
sin profile of magnitude estimates 
tione ed time for the various condi- 
di cd E peak magnitude estimates, the 
estiman between the peak magnitude 
Corres es of the altered conditions and the 
d ‘ponding magnitude estimates for the 
ane Mental constant A condition (simul- 
has" estimate diflerences), and response 
en On. Correlation matrices will also 
t eoresented to show the relationship be- 
an n O's unique length of altered interval 
sho, psequent response measures and to 
Sbong, "1€ interrelationship between re- 
measures. 

the ae curves of the magnitude estimates of 
tape effect. —A group curve repre- 
Over HE Ye magnitude estimates was plotted 
ling OE for the positive effect of the base- 
desc, P dition in a manner similar to that 
*irst E by Clark and Stewart (1968). 
Cach o Cause O selected his own modulus, 
trial as Magnitude estimates for the five 
ian € divided by his modulus. _ The 
Magnitude estimate at each 5-sec. 


Sen ti 


and the stimuli presented during an experimental 
/sec? A during Interval B. 


interval was determined from plots of the 
data for each O. The mean of the medians 
for the eight Os was computed and then 
plotted over time (Fig. 3). The Os’ median 
time needed to reach the peak magnitude 
estimate ranged from 18 to 51 sec. The 
graph in Fig. 3 shows that the average 
time needed to reach the peak magnitude 
estimate during the base-line condition was 
approximately 25 sec. and that POR termi- 
nated 85 sec. after the beginning of the A. 
The magnitude estimates for those ex- 
perimental trials in which only a constant 
A was presented were plotted in the same 
manner as those of the base-line condition 
(Fig. 3). These data indicate that although 
the magnitude estimates were greater in 
the base-line condition than in the experi- 
mental, constant A condition, the overall 
response patterns were very similar. The 
curves also indicate that the time needed to 
reach the peak magnitude estimate was ap- 
proximately 25 sec. for both conditions. 
That is an important observation since it 
validates the use of the duration of in- 
creasing magnitude estimates during the 
base-line trials as an appropriate interval 
for determining the duration and position 
of the independent variables in the various 
experimental, altered conditions, 


The magnitude estimates for all the ex- 
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following a 1°/se 4 for base-line and experimental, constant «1 conditions. 
(Estimates in the direction of the -l are positive and those in the opposite 
direction are negative. Negative estimates describe negative aftereffect.) 


perimental conditions were plotted in a 
manner similar to those shown in Fig. 3. 
The time increments, however, were stan- 
dardized because the position and duration 
of the altered interval was unique for each 
O. The time increments for each O's mag- 
nitude estimates were normalized by divid- 
ing X into 10 equal segments. The O's 
adjusted magnitude estimates were then 
plotted at each normalized interval for each 
trial. The median magnitude estimates 
for each interval were then combined across 
Os, and the group mean magnitude esti 
mate curves were plotted over normalized 
time increments for each condition (Fig. 4 
and 3). The plots were terminated at 
1.8X to avoid spurious end points because 
the depicted termination of the POR for 
the various conditions would have been a 
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MAGNITUDE MATES AND SIMUL- 

IMATE DIFFERENCES, IN ARBITRARY 

; Units, ACROSS. EIGHT OBSERVERS FOR 
EIGHT ALTERED CONDITIONS 


Altered interval 


Peak magnitude 2 

,, estimate 3 

Simultaneous esti- un 
mate difference 3 
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estimates in the table represent the means 
of the mean magnitude estimates for each 
O, whereas those depicted in the curves are 
based upon the means of the median mag- 
nitude estimates for each O. Despite the 
different values, the magnitude estimates 
in l'able 1 reflect the same pattern as those 
depicted in the group curves. The data 
in Fig. 4 and 5 and in Table 1 indicate 
that the manipulated variables had a sys- 
tematic effect upon the size of the peak 
Magnitude estimates. The effects that the 
Variables had upon the size of the mean 
Peak magnitude estimates were tested with 
a four-factoranalysis of variance (Edwards, 
1968), The four factors were (a) the mag- 
Mtude of the increased A, (b) the interval 
during Which the 4 was altered, (c) the 
trial block in which the condition occurred, 
and (d) the O. The results indicated that 
oê mean peak magnitude estimates of the 
- altered conditions were significantly 
diuo than those of the 2? altered con- 
cardi Ga, W = 38.51, p i001, and 
Drogen le peak magnitude estimates became 
id esslvely smaller across subsequent 
e blocks for all conditions, / (4, 28) 
dln d Ld < 01. The results also showed 
4 terad toe in time that the A was 
size of m a significant effect upon the 
(3, Tier om magnitude estimates, F 
attribut a 772, p < .01. The variance 
significa to Os could not be tested for 

“nce because there was no appro- 


Priate : [ 
1 Dest error variance term (McNemar, 
tion, Phere was no significant interac- 


between the three variables tested 
TO p > s. 

magn data in Table 1 show that the peak 
20 de ude estimates for Interval D in the 
thos ‘dition were substantially less than 


aly 


Sipnig IO Interval C. The difference was 

l (39) ant when tested with a / test, 
Si = 2.06, p < .05. 

digy, "tla neon s estimate differences.—The 

Mate ce between the peak magnitude esti- 

tude s ach altered trial and the magni- 

ing in imate reported at the correspond- 


nda ting the experimental, constant 
esti ifa 'On was called the simultaneous 
"s difference, 'The following steps 
"et to determine: the: mean simuli 
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Average magnitude estimates of rota- 
locity during five conditions of prolonged 
-l. (The experimental, constant A condition we a 
prolonged 1° sec? A presented during the experi- 
mental The «lL presented during the 
altered interval was 3° "s 


sessions, 


taneous estimate difference for each condi- 
tion. The median magnitude estimate in 
the experimental, constant A condition re- 
ported at the same point in time as the 
peak magnitude estimate in each altered 
trial was first determined. The magnitude 
estimate in the constant A condition was 
then subtracted from the corresponding 
peak magnitude estimate of the altered 
trial. The median difference for the five 
trials of each condition was then calculated 
and combined across Os (Table 1). The 
effect that the independent variables had 
upon the simultaneous estimate difference 
was tested with a three-factor analysis of 
variance. The estimate differences were 
greater for the 3? conditions than for the 
2? conditions, / (1, 7) = 57.20, p < .001, 
and the differences were generally greater 
as the A was altered later in the trial, / 
(3, 21) = 4.66, p « .05. Unlike the peak 
magnitude estimate measure, there was 
significant interaction between the mag- 
nitude and position of the increased A, F 
(3, 21) — 5.57, p « .01. Inspection of the 
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TABLE 2 


MEAN Duration OF OVERSHOOT, ‘Test RESPONSE, 
AND POsTREDUCTION RESPONSE FOR 
EIGHT OBSERVERS 


| Altered Altered interval 
" | acceler- | — 1. re 
Response measure EYES i j 
|O^em| a | B | ¢ | P 
| tn | 
| 
Overshoot effect e | 8. 
Test response | 2 
| 4 
Postreduction response | 4 


\ 


Note. —Mean duration is measured in seconds. 


data in Table 1 shows that the significant 
interaction was apparently caused by the 
steeper increase of simultaneous estimate 
differences across the four altered intervals 
in the 3° condition, as compared to the 2° 
condition. Also, unlike the peak magni- 
tude estimates, the estimate difference was 
greater for Interval D than for Interval 
C in the 3° condition. 

Overshoot duration—The increase in the 
size of magnitude estimates after the 
altered A was reduced to 1°/sec? has been 
called overshoot since the heavily damped 
torsion pendulum model does not predict 
an increase in perceived angular velocity 
after the A is reduced (Parsons, 1970). 
Substantial overshoot occurred in the vari- 
ous conditions of this experiment (Fig. 4 
and 5). The average overshoot duration 
for each condition is shown in Table 2. 

The effects that the magnitude of altered 
A, the altered interval, and O had upon 
overshoot duration were analyzed with a 
three-way analysis of variance. The data 
indicated that the duration of overshoot 
became progressively less as the A was 
altered later in the trial, F (3, 21) = 21.31, 
p «.05. The results also showed that 
overshoot duration was not significantly 
affected by the magnitude of the altered A 
and that there was no significant interac- 
tion between the magnitude and position 
of the altering A, p > .05. The variance 
attributed to O lacked an appropriate error 
variance term. 

Duration of subjective response.—The du- 
ration of test response was arbitrarily se- 
lected as the duration of the POR following 
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‘This measure 


the interval 4X/3 (Fig. 2). 
response dura- 


was used in place of overall ) 
tion to avoid experimental artifact cause 
by the variables manipulated during ae 
val 4X/3. The mean test response he. 
tions for the various conditions are show? 
in Table 2. A three-way analysis of VB 
ance was used to test for significant d 
ferences. ‘The results indicated that T 
test response duration became progressiv! 
longer as A was altered later onse 
F (3,21) = 15.88, p « 01. "Test re iv 
duration was not affected significant Y. 
the magnitude of the increased A, a the 
there a significant interaction bee 
size of the altered A and the posit? 
the altered interval, p > .05- 
The postreduction response 
defined as the time between the i 
of the increased A and the first Uri A 
nitude estimate that O reported C9 
This duration measured the xim 
of subjective response following m E nd 
cupular deflection for the alters, 1 
tions. The group means are liste" iis 0 
2. The data were tested by an 
variance. The resultsindicated 
the magnitude nor the position 9 
ing A had a significant effect 0^ 
tion response duration, P 7 0». 


ion was 


durat n 


reduct! ‘4 
mag 


D 


tha 


. ne . action 
was no significant interac tior Ü 
these two variables, p > -05 uide E. 
" B : ngoni el 

Negative aftere[fect s.— Mas the © pc 
mates that were reported in and Y tio! 
direction to the preceding mil ot 
hi . after the C a alla 

began within 30 sec. a tiv e 


of the A were recorded "ere 
effects. Negative aftereffects m 
in 52% of the experimental P el 
way analysis of variance was oy 
the effect the manipulated ima 
upon the peak magnitude efi 
the duration of negative @ a 
peak magnitude estimates ARA ot ^, poj 
ration of the aftereffects WC 
cantly affected by the nag", A 
tion of the altered A nor DY rred P 
in which the condition occu! rhe 
Variable interrelationshi bY ys M Me 
tion matos in Table 9 97 s P 
spondence between the 
each O's altered interva 


k agal rt j 
as neg po Ji 


jtu ;al 


in the trial 
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Altered interval 


T for each of the eight altered con- 
insignig y Overall, the results indicate an 
tween ge or weak correspondence be- 
rior le length. of increased A and the 

of Sach Fi ed measures. Phe duration 
to the a s altered interval was not related 
nor, hans of the peak magnitude estimates 
estimat : i most part, to the simultaneous 
tion ai ifferences, p > .05. The dura- 
© the i tered A was significantly related 
One (o eli estimate difference in 
three den ve to overshoot duration. in 
in thes oe to test response duration 
conditions, and to postreduction 
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TABLE 3 
LINEAR CORRELATIONS BETWEEN OBSERVERS’ LENGTH OF ALTERED INTERVAL AND Five 
= - RESPO: MEASURES FOR ALL ALTERED TRIALS 
RéSionse mani Altered accel- 
IE | E 
Deal. ie Ro ie am 
Peak magnitude estimate . | | i 
Imultaneous estimate difference E $ e: à 
Overshoot duration | : : ; 32 : 
st response duration | pr^ ku Er 
Postreduct; | ; 
"Sstreduction response duration | 
| 
J. X .05, E E D 
ten? S01, 
"b eot, 


the interrelationship between response mea- 
sures for combined altered conditions. 
Generally, the correlations (rs) in Table 4 
indicate that the response measures re- 
ported in this experiment were not inde- 
pendent. "There was a high correspondence 
between peak magnitude estimates and 
simultaneous estimate differences, and be- 
tween test response duration and post- 
reduction response duration. Overshoot 
duration was inversely related to the size 
of the peak magnitude estimates, but there 
was no significant relationship between 
overshoot duration and simultaneous esti- 


Teg, 
SPonse duration in one condition. mate differences, p > .05. 
1e correlation matrix in Table 4 shows The data in Table 4 include partial rs 
TABLE 4 
PARTIAL AND ZERO-ORDER LINEAR CORREL 
MN FOR ALL ALTERED EX 


Simultaneous 


Res i Correlation: | Boak:mamiè TASEA Overshoot Test response 
- Response measure eae tude estimate | “ » uu dif- duration | — duration 
P | “Terence | 
ak 0 eee - - — —— 
© Magni : 
m Magnitude estimates ro order 1.00*** | 
mi tai Partial | 1.00*** | 
“MOUs estimate difference | Zero order | F- pome: | | 
Vershe, | Partial go 1.0099» — | | 
: 9t duration | Zero order | —.14** —.03 Lopes | 
Sens . Partial =i j = | Loor* | -— 
nse duration Zero order re eg | —.05 1.00 
Streduct: | Partial 53058" | —.08 1,00*** 
Stion response duration | Zero order wore I E nd ET obl i658" 
ES | Partial se Je | — lage (69e 


= 


Patial correlation ebritrolled for the effect of the‘length of O'saltered interval. 
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between response measures, for which the 
duration of each O's altered interval was 
the controlled variable. The similarity be- 
tween the zero-order rs and partial rs indi- 
cate that the unique duration of altered 
intervals did not account for the significant 
rs between the various response measures. 
The similarity between the zero-order rs 
and partial rs is also consistent with the 
data in Table 3, which show that the 
length of each O's altered interval was only 
weakly related to the response measures. 


DISCUSSION 


The torsion pendulum model of cupular func- 
tioning, based on anatomical and physiological 
characteristics of the semicircular canals, de- 
scribes cupular movement as being heavily 
damped by the endolymph flow, which meets 
resistance within the narrow inside diameter 
of each canal (Guedry, 1965). This model 
has been used to design or interpret experi- 
ments investigating vestibular phenomena 
(Guedry, 1965). The design of the present 
study was based directly on the pattern of 
subjective response. No intervening model of 
cupular displacement was included because of 
the frequent systematic departures of subjec- 
tive vestibular response from predictions of the 
torsion pendulum model and because of the 
great variation between subjective response 
patterns among Os during prolonged, constant 
A, 

The method of basing the duration of the 
independent variable on the individual O's 

subjective response pattern during a constant 
4l appears to have been quite adequate. In 
spite of the fact that the Os' duration to peak 
subjective response during the base-line con- 
dition ranged from 18 to 51 sec., the pattern 
of responses to the various stimuli was con- 
sistent enough to yield a high level of signifi- 
cance for several important measures. The 
results of this experiment clearly show that 
both the magnitude of an altering A and the 
time in the adaptation cycle in which it was 
presented had significant effects on the size 
and pattern of the Os' magnitude estimates 
(Fig. 4 and 5). Furthermore, the data in 
Tables 3 and 4 show that the unique duration 
of the Os' altered interval had little systematic 


effect upon the various measures of subjective 
response. 


Phe peak magnitude estimates for the 3? 
conditions were significantly greater than those 
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AEN À— 


These results are " 
pendulum model o 
findings © 
1968; Clark 


for the 2° conditions. 

accord with the torsion 
cupular function and with the 
other investigators (Brown, 1966, 
& Stewart, 1968, 1970). 

An analysis of the magnitude 
following the four different times of pr 
tion reveals that, except for Cond. 
peak magnitude estimates became int 
sively greater as the A was altered later ir E: 
trial (Fig. 4 and 5, Table 1). The er 
pendulum model would predict the pea rvals 
nitude estimates for the first three ptt 
on the basis of cupular deflection. i 
deflection was not instantaneous: 
cupula had more time to move 7 s, 
maximum 1° position when the T'TSER si dura 
preceded the increased A was of pe 
tion. The cupula was ultimately iai ent 
a more extreme position when the ee it 
A was presented later in the trial t he 
position was initially more extreme © anati 
altering «1 was introduced. This eSP mag 
fails to account for the decline of clin 
nitude estimates for Cond. D. us ratio” 
however, could be attributed t? vm ace 
The longer duration of 1°, sec? A tha 
Interval D allowed time for a 
develop and suppress the peak mag! 
mates, This explanation is supp? 
fact that Interval D occurr 
estimates declined during @ 
stant A (Fig. 4 and 5). 

The increase of simultaneous bel 
ferences from Interval C to Itera eg 
3° condition also supports (he, ns 
terpretation stated above (Ta se 
simultaneous estimate difference ^ r 
tially compensated for adaptat' iler i: 
terval D since it measured die € 
tween the suppress 
mates and the correspo E 
nitude estimates in the expert? 
A condition. The fact that th 


estimates 
esenta- 
p, the 


towar 
2 


e 3 

oS z i 
= LE oM S LIUM et ces 22% ze 
ee m  OOEOEeEeEeEeEeEe————eeeeeeeEeEeEyse ee 2&À—1— aae 


C to Interval D in the 2 
that this response measure 
compensate for adaptation. E 

The profile of simultaneo", unil? 
ferences reported in Table l estima 
profile of the peak magnitude NT 
similar profiles e 
relationship between the ! 
in Table 4. The significa! Jopi DE (ert 
simultaneous estimate differen indie gi 
size and position of inpia 4 hat 


eae p FEY SCC 
the position of the incre: Ht 


are consist i 


e two me 
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erat in the 3° conditions than in the 2° con- 
i | i he interaction between the same 
was is = : ; Top the peak magnitude estimates 
estifiiates pea ant because the peak magnitude 
" 5 Were suppressed when the 3?/sec? A 
Was presented during Interval D (Table 1). 
m — in Table 2 show that the dura- 
Were i for the 2? and 3 conditions 
Bares an Har but that overshoot duration be- 
ds is bo, vely less as the 44. was altered 
Obviousl the trial, The overshoot effect is 
Pendulnn not in accordance with the torsion 
ditiped ü model, which involves a heavily 
responded. stem. If subjective response cor- 
shoot a {feast to cupular deflection, over- 
creased oa d mean that cupular deflection in- 
heavily a rd reduction of the altering A. The 
would “amped torsion ! pendulum system 
defecate Such an increase in cupular 
lign in; Similarly, response perseveration 
inadequate explanation since one would 
UT Mene d effects across subsequent altered 
Je m Overshoot may be accounted for 
sively aoa latency, which became progres- 
trial, T as the ¿1 was increased later in the 
Adaptation decline could have been caused by 
Size ur wm that suppressed the increase in the 
reducti te magnitude estimates following the 
Assume, of the altered A. This explanation 
Carly: ole adaptation occurred during the 
While " ases of subjective response, that is, 
^ Was reporting increased subjective 


ns test response duration was important 

ne it described the overall duration of 
for "delen response to the same test stimulus 
Mereage j ditions, The test response duration 
trial (Tal as the A was altered later in the 

"atio able 2), [n addition, the test response 
Hen. 18 for and D were 


d 
ate Intervals B, C, 
Geno «Elia 


XDeri n the test response duration for the 
Derimon,, ks a 
disp ing constant A condition. Cupular 

ement and peripheral adaptation can 


ccc 
" un 
al t for results. As the -l was 


Cre, 


these 


j adaptation, however, does not ac- 
Or the lack aes A 
Ween 3 the lack of significant differences be- 
e " A 
test response durations for the 2° 


du Condi : s f 
luly " ditions (Table 2). The torsion pen- 


sul ictus would predi t that the cupula 
fens tlie ub to its 1? position at a later time 
sig Mer Cupi lar ld was 3° sec" because of 

"i "ant Tr displacement. The lack of 


differences 
ferences between the two levels of 
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stimulation may have been due to adaptation 
that is a function of the duration and magni- 
tude of the preceding proximal stimulation. 

Postreduction response duration was used to 
determine if response time in the altered con- 
ditions was a simple function of the time 
needed for the cupula to return from its maxi- 
mum position to the position associated with 
a 17/sec? prolonged 4 (Table 2). A peripheral 
adaptation model, such as that proposed by 
Hallpike and Hood (1953), would predict the 
similar postreduction response durations across 
the altered intervals. The receptors beyond 
the 1° position were stimulated for about the 
same amount of time for the various condi- 
tions. The 1° sec A that preceded the 
altered interval affected only those receptors 
associated with a 1°/sec? A, and these recep- 
tors had adapted before subjective response 
terminated in the altered conditions. Conse- 
quently, the postreduction response duration 
was a function of the receptors that were 
stimulated beyond the 1° position. 

Previous investigators have shown that the 
size of the peak magnitude estimates for the 
negative aftereffect are related to the size of 
those for the positive effect (Brown, 1966; 
Clark & Stewart, 1968, 1970; Parsons, 1970). 
The nonsignificant effect that the manipulated 
variables had upon the size of the magnitude 
estimates for the negative aftereffect indicates 
that the relation was due to the degree of 


prior adaptation rather than to response 
stereotypy. 
The results indicated that the peak mag- 


nitude estimates diminished significantly ac 
subsequent trial blocks. The simplest explana- 
tion, supported by results from a previous 
investigation, is that habituation occurred, and 
subjective response systematically diminished 
as Os were exposed to subsequent prolonged 
stimuli (Brown, 1966). An alternative expla- 
nation is that the decline was an artifact of 
the magnitude estimate procedure. Stevens 
(1956) reported that Os remembered a weak 
standard auditory stimulus as being louder 


after giving ratio estimates of subsequent 
Since 


stimuli that were of moderate intensity. 
a very weak intensity level was used as the 
standard stimulus in the present study, O may 
have gradually raised the criterion level with 
identified his modulus. Conse- 


which he 
the subsequent magnitude 


quently, 
estimates would have gradually declined across 


overall 


trial blocks. 
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INFLUENCE OF A VISUAL FRAME AND VERTICAL-HORIZONTAL 
ILLUSION ON SHAPE AND SIZE PERCEPTION ! 


ROBERT L. HOUCK, ROY B. MEFFERD, Jr? anD GLENDA J. GREENSTEIN 


Psychiatric and Psychosomatic Research Laboratory, Veterans Administration Hospital, Houston, Texas 


A variety of visual frames and of stimulus shapes are examined in a series of 
three experiments to investigate the magnitude of the frame's effect on ap- 
parent size and apparent shape. Although a slight frame effect is demonstrated 
under very special conditions, its importance to the perceptual experience is 
questioned. The predominating effect of the vertical-horizontal phenomena 


is also explored. 


The vertical-horizontal illusion (V-H) 
Was first reported by Fick (1851) when he 
observed that a square imposed on a dark 
ackground looked like a vertical rectangle. 
ose "Apas (1955a, 1955b, 1957a, 1957b, 

59a, 1959), 1963), using the influence of 
the illusion on apparent size, attributed the 

-H illusion, at least in part, to a frame 
effect imposed on the visual field by the 
ebur] eliptical orbit of the eye. He 

Ported that the apparent length of a 
vertical line viewed through an artificial 
eliptica] frame decreased as the frame was 
changeq from a horizontal (i.e., similar to 
me Natural frame imposed by the eye) to a 
qa tical orientation (Künnapas, 1959a). 
ciditionally, a line imposed in a frame, 
food elliptical or rectangular, appeared 
nd as it filled more of the frame (Kün- 
se as, 1957b), and the effect was noted on 
one the length and the width of the line 

Mapas, 1955b). 
ilis though most investigations of the V-H 
re]; 'on have dealt with its influence on the 
ieee apparent sizes of vertical and 

riz 
oh 


bh 


article is to explore the rela- 
tween alterations in both ap- 
and apparent shape resulting 
i — 
Appreciation + y " 
is CClation is expressed to Michael E. Matlock 
‘echnical assistance in the completion of 
riment, 
eque, 
B, cütests for reprints should be sent to Roy 
29 atic Rb Jr., Director, Psychiatric and Psycho- 
Research Laboratory, Veterans Administra- 
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from a combination of the V-H illusion 
and a variety of imposed visual frames. 


EXPERIMENT I 


If the frame formed as a result of the 
oval shape of the eye has an influence on the 
apparent size of both the length and width 
of the line (Künnapas, 1955b), then it 
should also influence the apparent shape 
of two-dimensional geometric figures. It 
was hypothesized that the appearance of a 
square as a rectangle with its "long" 
dimension vertical would be augmented 
when surrounded by a rectangular frame 
with its long dimension horizontal, but 
would be diminished by a rectangular 
frame with its long dimension vertical. 


Method.—The Os, seven males and three females, 
were laboratory personnel who had participated in 
other perceptual experiments so that they were 
experienced in analyzing and reporting their visual 
percepts and in making perceptual judgments, 
However, they were all naive with respect to the 
hypothesis being tested here. 

The stimuli were solid flat figures: a 14,3-cm. 
square (SQ), a 14.3 X 14.0 cm. rectangle (R), 
a circle (C) with a diameter of 14.3 cm., or an 
ellipse (E), whose long and short axes were 14.3 cm. 
and 14.0 cm., respectively. The rectangle and 
ellipse were almost symmetrical; the ratio of the 
short: long axes was .98. The frame was a skeletal 
rectangle 24 X 19 cm. (inside dimensions) with a 
perimeter 1 cm. wide. When the frame was used, 
the stimulus was centered within it and both were 
at the same distance from O. The green fluorescing 
stimuli illuminated with dim indirect ultraviolet 
light, were presented under extreme reduction con- 
ditions (negating the influence of the natural 
elliptical frame created by the orbit of the eye) 
2.5 m. before the seated O in his frontoparallel 
plane. Regard was binocular and O was instructed 
to close his eyes between judgments. The rectangles 
and ellipses were presented with the long axis either 
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TABLE 1 
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Frame Conpi tions 


Vertical frame 


True shape | Reported shape True shay» Re 


Noneurved 


RV | SQ | RH RV 

RV | 7 | 24 | 06 RY | 72 

SQ | 37 | 41 02 SO 45 

RH | 34 |63 | 03 RTI 26 
X | 53.6 | 42.6 3.8 £ 17.6 
= i Curved = 

| EV | C EH EV 

EV | m |1 |o EV |72 

c | +4 52 04 C 2 

EH 21 57 22 EH 07 
X 474 | 42.6 | 104 X 334 


he numbers 


centage vel "ctangle; SO 


tal. The 


vertical (RV, EV) or horizontal (RH, EH) and, 
when used, the long axis of the frame was either 
vertical (FV) or horizontal (FH). 

Ten judgments were made by each O for each of 

the six stimuli (Le, RV, RH, SQ, EV, EH, C) in 
each of the three frame conditions (no frame, EV, 
FH). The viewing session was in two parts (90 
judgments each) separated by a 15-min. rest period. 
Half of the Os received the curved figures in the first 
session and the noncurved figures in the second, and 
vice versa for the other half. The order of presenta- 
tion was randomized across all conditions. 

The O was told that he would be shown a series 
of squares, circles, rectangles, and ellipses one at a 
time with or without a frame, and that his task 
was to judge rapidly the shape of each figure, and 
if he judged it to be nonsymmetrical, whether its 
long axis was vertical or horizontal. All judgments 
were made in less than 5 sec. with a 2-sec. 
stimulus interval. 


inter- 


Results and discussion.— he operation of 
the V-H illusion, resulting in overestima- 
tion of vertical extents, was expected to 
influence percepts in a systematic series: 
largely veridical percepts with a vertical 
rectangle or ellipse, fewer veridical percepts 
with a circle or square, and fewest with a 
horizontal rectangle or ellipse. 
Position of a frame was expected to modify 
traps Latin the direction reported by 

Bh | LC., lO Increase the ap- 
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The degree to which the imposition of a 
frame around the stimulus influenced the 
V-H illusion is seen as shifts in the column 
totals from their base-line positions in the 
No- ‘rame matrices. The expected effect 
(Künnapas, 1957b) was that a vertical 
frame would reduce the effects of the V-H 
illusion, since the stimulus was much nearer 
the vertical than the horizontal sides of 
the frame. This result would be seen as a 
shift in the column totals of the table 
toward the right. The converse was ex- 
pected when the long dimension of the 
frame was horizontal—the judged shapes 
should shift toward the left. Actually, the 
Shifts were exactly opposite to the pre- 
dicteq directions. In both cases, the 
Orientation of the frame was the critical 
Actor: A vertical frame enhanced the V-H 
efect (ie, by making vertical extents 
"DDear greater) while a horizontal frame 
diminished it. 

Considering only the 18 diagonal cells 
of Table 1, where Os veridically judged the 
Stimulus, both the interaction effects of 
‘Tame X Stimulus, / (4, 36) = 3.82, and 
Stimulus X Shape, / (2, 18) = 6.19, both 
PS < 05. were significant. Therefore, the 
Simple effects contributing to the interac- 
tions were examined with the critical differ- 
ence test (Winer, 1962). The Stimulus X 
“ape interaction resulted from a signifi- 
“Ant difference between the curved and rec- 
‘Angular figures for the horizontal (p < .01) 
We for the symmetrical (p < .05) stimuli. 
eowever, the V-I illusion operated to 
,'88crate the vertical extent and to reduce 
a "pparent width of the vertical stimuli 
Suring their veridical perception. This 
no ence due to curvature extended to the 

lve 


nany 

tra the MH. illusion with the non- 
relative T With the curved simili. This 
duced « ailure for Os to report V Il in- 
igures PParent shape distortions in curved 
Process Suggests that the basic perceptual 
lifferent f involved with these may be 
This n rom those ol rectangular figures. 
ang ye'tesponds with reports by Hubel 


lesel (1963, 1965) that throughout 
Ed : à 
*Ntensive microelectrode recordings of 


E OF FRAME ON SHAPE AND SIZE PERCEPTION 


275 


single neurons in the visual cortex thev 
failed to observe any cells which dis- 
charged preferentially to curved lines in 
the same way that they did to straight 
edges and angles. Possibly the perception 
of curved figures involves more of an in- 
ductive analytical process than does that 
of rectangular figures where the visual 
architecture appears to provide a means for 
a more “direct” perception. 

With respect to the hypothesis under 
consideration the analysis of the simple 
effects contributing to the Frame X Stimu- 
lus interaction revealed that the vertical 
stimulus was judged  veridically sig- 
nificantly (p < .01) more often than the 
symmetric stimuli (circle and square) in 
the vertical frame condition. This did not 
occur in the No-Frame and Horizontal 
Frame conditions. The horizontal stimuli 
were judged veridically less often (p < .01) 
than the other two stimuli classes in all 
frame conditions. These data, considered 
as a whole, fail to confirm predictions con- 
cerning the influence of the visual frame 
on apparent shape based on earlier findings 
of its influence on apparent size. 


EXPERIMENT II 


The methods used in Exp. I, in which Os 
reported the stimuli as having one of three 
discrete shapes, may have obscured a 
frame effect. that would have been dis- 
cernible had the judgments been of ap- 
parent size rather than of apparent shape. 
"Three. additional differences between the 
methods used in p. | and those of 
Ikünnapas's (1955b) original investigations 
of the frame effect could also have con- 
tributed to the failure to extend his find- 
ings: (a) the type of stimulus placed within 
the frame, (5) its location within the frame, 
and (c) binocular as opposed to monocular 
regard. The purpose of the second experi- 
ment was to explore these possibilit 


Method. —Vhe Os, nine males and four females, 
were experienced in. making. perceptual judgments 
and had served in perception experiments previousl 
six were Os in Exp. 1. The standard stimuli were 
a solid square (8.0-em. sides), a solid circle. (8.0-em 
diameter), a straight. 35 em. X 8.0 em. bar, mmi 
an L formed from two such bars. “The bars were pre- 
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sented in both vertical and horizontal Srientation., 
Two frames in the same plane as the stimulus w i 
used, a skeletal rectangle (24 cm. X 19 cm., insi e 
dimensions) or an ellipse of the same dimensions, 
both with a perimeter width of .5 cm, The rec- 
tangular frame was used with the Square and circle 
to maintain a similar condition with Exp. I, while 
the elliptical frame was used with the bar and L 
stimuli to approximate more nearly the stimulus con- 
ditions employed by Kiinnapas (1959a). The long 
dimension of the frame was cither vertical or hori- 
zontal. The position of the stimulus within the 
frame was either centered or offset as described. in 
the specific cases to follow. Two «35-cm.-wide 
comparison rods—one vertical and 30 cm. to O's 
left and on the same plane as the standard stim- 
ulus, and the other horizontal and 30 cm. directly 
below the standard—were adjusted in length re- 
motely by O to match the apparent lengths of the 
various standard stimuli. This adjustment was 
made by means of a hand control with a variable 
ratio of movement-to-comparison size. The stand- 
ard stimulus was at O's eye level, 2.5 m. before him 
in his frontoparallel plane. 
ditions were used with the 
and sharply 


Extreme reduction con- 
stimuli glowing green 
delineated under dim indirect ultra- 
violet light. Regard was monocular with O's pre- 
ferred eye. The E recorded the judgments from 
behind a black screen and adjusted the comparison 
rods between pairs of judgments alternately either 
to 20-cm. or 0-cm. length. As each stimulus was 
presented, O adjusted first the vertical comparison 
rod (which then was left in place) and then the 
horizontal comparison rod to the appare: 


one dimension of the standard stimulus (e.g., its 
height); then E recorded the judgments, reset the 
comparisons, and O adjusted each comparison rod 
to the other dimension of the standard. 
parent width of the single bars w; 
Thus, four judgments were made 
under each condition, 
Where only two judg: 


nt size of 


The ap- 
as not judged. 
for each stimulus 
except for the single bars 
ments were made. 


Results and discussion.—The d 


ata were 
Separated into five 


1 groups to examine 
specific questions. Both the square and 
the circle were contrasted under the three 
frame conditions (Le., no frame, vertical 
rectangular frame, and horizontal 
tangular frame). The data were 
Separately for judgment 
and the horizontal 
None of the interact 
and, as in Exp. I 
nificant effect in 
both analyses re 
effect of stimulu 
Son, F (1. 
Parison, F 


rec- 
analyzed 
S with the vertical 
Comparison stimuli. 
ions were significant 
» the frame had no sig- 
àny condition, 
vealed a sig 
S shape, v. 
12) = 1643; 
(1, 12) = 21.0 
» the di 


However, 
nificant main 


larger than those 
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When the vertical comparison was used 
the vertical dimension of the figure 2] 
judged larger than the horizontal CE 
sion, viz., 7.5 cm. vs. 7.22 cm., T (i, = si 
5.33, p < .05. The effect was in the san : 
direction with the horizontal companhia 
(vertical dimension = 8.33 cm. and ks 
horizontal dimension — 8.55 cm.) SOL 
though in this case the effect MA A. x 
statistically significant. The poA 
effect is consistent with the view that aa 
V-H illusion acted to magnify the rd 
parent size of the vertical dimension ret 
tive to that of the horizontal. : 

The role of stimulus complexity | ili 
examined using three classes of ye 
already described: the single bar, cit! a 
vertical or horizontal, the L-shaped PE 
ulus, and the square. None of the se 
actions were significant, and neither pee 
the main effect for complexity of stimu zl 
However, the main effects of the orien s 
tion of the standard and the orientation 
the comparison were significant, f a. 72, 
2234 P «05; and (1,12) = 4957 
P < 01, respectively. ‘The vertical Lie 
ard was judged larger than the horizon : 
standard (7.6 cm. vs. 7.2 cm. with. A 
vertical comparison, and 8.7 cm. vs- 8.5 c is 
with the horizontal comparison). ac 
consistent with the V-H illusion, W - 
exerted a similar effect on the compars i 
line by increasing the apparent lengt’ jts 
the vertical comparison as shown M a 
relatively smaller adjustment than the ist? 
zontal comparison when both were adi" div 
to the same stimulus. These results i 
cate that the V-H illusion exerts 105 B 
independent of stimulus complexity: — qi 

The vertical bar and the L stimulu? ame 
cussed earlier were tested in three 


was 


; ver 
at the midpoint of the eit 


s "ies he | gt 
Were significant, owever, t mih 
effect of comparison line was S'S 
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RA e de p Uii the vertus 
horizontal Wale aniallex (7.79 cm.) than the 
both Seen ba ae etm (8.93 cm.) when 
This iia. ag dasted to the same stimulus. 
ihe V.H — from the operation of 
visual fr i usion. Again no effect of 
ean eon on apparen t size was observed 
mated ne the stimuli closely approxi- 
emer nase used by Künnapas (1957b) in 
SS ginal investigations. 
"acd yeu bar and the L-shaped 
iod n stimuli were used to examine the 
Báren < Position within the frame on ap- 
within gn These stimuli were presented 
bank E TEM and a horizontal elliptical 
either i s stimulus was positioned with 
of the x Ottom of the vertical component 
or with I at the center of the frame, 
ponent i midpoint of the vertical com- 
TI positioned there. 

lus vertical comparison line was ei 
be ig camel, F (1, 12) = 106.92, 
zontal " smaller (7.8 cm.) than the hori- 

comparison (8.9 cm.) when both 
i ae to the same standard 
nificant. No other main effect was sig- 
mH ill Once again no influence on the 

usion was observed to result from 


he ; A 
7 e L-shaped stimulus described earlier 
aced in both the horizontal and 


tig, ection of the two bars. The orienta- 
and t the L was always one bar vertical 
`h '* other horizontal. 
the m teractions were not significant, but 
ry D. effects of the orientation (i.e., 
.9r horizontal) of the comparison 
; YS, F (1, 12) = 118.57, and of the 
Jud ed 'on of the standard stimulus being 
(t, 12) = 11.6, both ps < .01, 
ertical or horizontal part) were 
in a: expected, the V-H illusion 
(T&Sted sm; m vertical comparison being 
Ne OG ep Tn ler than the horizontal one 
met hug 8.88 cm., respectively). The 
D 10n also exerted an effect, again 
on the apparent size of the 


as n 
*Pected, 


standard. The vertical standard appeared 
larger than the horizontal standard (8.38 
cm. vs. 8.16 cm., respectively). The 
position within the frame did not cause 
significant changes in the V-H effect. 

Considered together the results of Exp. 
Il indicated that over a wide variety 
of stimulus types (geometric figures, a 
straight line, and the L-shaped stimulus) 
no effect due to a visual frame could be 
demonstrated by the use of external com- 
parison lines. This was true even for 
stimuli and frames comparable to those 
used by Kiinnapas (1959a) in his investiga- 
tion of these phenomena. 


EXPERIMENT IIL 


In view of this failure to replicate 
Künnapas' results under conditions similar 
to those he used, we attempted a more 
direct replication of one of his reports 
(Künnapas, 1957b). The one remaining 
difference between the present series of 
experiments and those of Künnapas is that 
he placed both the standard stimulus (the 
horizontal component of the L-shaped 
stimulus) and the comparison stimulus 
(the vertical component of the same stim- 
ulus) within the same frame. According 
tohis observations, a nonsymmetrical frame 
would act to increase the apparent size 
of that component which is in closer prox- 
imity and to decrease the apparent size of 
the component which is farther from the 
frame. The overall result would be a 
magnification of any illusory effect ex- 
erted by the frame on any single component. 
In the series of experiments reported above 
a comparison line was used that was ex- 
ternal to the frame and, therefore, sup- 
posedly not influenced by it. In this ex- 
periment both an external and internal 
comparison stimulus were used. 


cight males and four females, 
nine of whom had served in either one or both of 
arlier experiments, were all experienced at rc- 
porting and analyzing their visual percepts. 

The standard and comparison stimuli were bars 
.35 cm. wide. The fixed standard, 10 cm. long, was 
horizontal while the two adjustable comparison 
rods were vertical, the internal one intersecting the 
left end of the horizontal standard at a 90° angle 
an L, and the external one 30 em. to the 


Method. — Twelve Os, 


the e 


to form 


t2 
- 
fo) 
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TABLE 2 
MEAN LENGTHS OF JUDGMENTS OF THE LENGIN OF 
A HORIZONTAL STANDARD BAR WITHIN * RAME 
USING A VERTICAL Comparison Bar PLACED 
EITHER WITHIN OR OUTSID| 


Mean 

Tength 

r of the 

Mean length of the | external 
comparison compai 


x. | judgments (in em.) | son judy: 
Frame ae 
| : (in cm.) 
| 1 | a | 
scend- | Descend- | Com- 'om- 
ic "ing | bined | bined 
i ipse | 9.39 (40) | 9.43 (.51) | 9.41 (45) | 9.70 (.29) 
Crah etie OO Cad) | 9.24 (48) | 9.22 C45) | 9,70 (.28) 
Siegal 9,17 C46) | 9.22 (.52) | 9.20 (49) | 9,93 (.22) 
yertical | | 
Veetmde — | 9,34 (.54) [9.39 C; .60) 
Square | 9.20 (46) | 9.32 (5 48) | 
Horizontal | 


rectangle 


| 9.11 (49) | 9,25 65 


.50) 


Note.—Standard deviations are gi 


1 in parentheses, 


left of the internal comparison rod. Both compari- 
Sons were remotely adjustable by O using the same 
manual adjustment apparatus described in Exp. II. 
Six visual frames were used: a rectangle or cllipse 
40 cm. X24 cm. presented either vertically or 
horizontally and a square or circle 40 cm. in diam- 
eter. The point of intersection of the two inte’ 
stimuli was at the center of the frame with the 
horizontal bar extending to O's right. The center 
of the frame was presented at O's eye level, and in 
his frontoparallel plane at the same depth (2 m. 
from O) as the standard and comparison stimuli. 
The stimuli fluoresced green under dim indirect 
ultraviolet illumination, and they appeared sharp 
and clearly delineated in an otherwise dark field, 
The E sat behind a black curtain where he recorded 
O's judgments and reset the apparatus between 
trials. Regard was monocular with O's preferred 
eye, and O's head was in a fixed head rest. 
frame condition was tested in separate testing ses- 
sions; therefore, each O was tested in six separate 
sessions over a period of not less than 1 wk. and not 
more than 2 wk. A random order for presentation 
of the frames was established, and then the starting 
point of this order was systematically varied across 
the 12 Os (i.e, two Os received each possible frame 
order). Each O made 32 adjustments of the internal 
comparison and 16 adjustments of the external 
comparison for each of the six frame 
Half of the judgments were 
descending. 


rnal 


Each 


conditions. 
ascending and half 
For the first 16 judgments O was in- 
structed to adjust only the vertic: 
frame so that it appeared to be the same size as the 
horizontal bar, Starting with Judgment 17 and 
extending through Judgment 32, O was instructed 
also to adjust the external comparison so that it 
appeared equal to the horizontal bar after he had 
made his judgment with the internal comparison. 


al line inside the 
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GI 


i * sect judg- 
The latter was left exposed until the second judg 
ment was completed. 


" 
Results and discussion.—lhe Tee 
presented in Table 2. None of the ner 
actions or the main effect of fi * aie 
were significant. [lowever, hoth = ^P 
effects of the direction of the judgmen frame 
ascending vs. descending) and at s) 
orientation were significant, 7 (2, x 
4.10, and / (1, 11) = 5.37, both S 
respectively. Ascending a vana to 
smaller than descending ones. Rela firm 
the frame orientation these results pi the 
Künnapas's (1957b) report that s [rom 
orientation of the frame CRAS the 
vertical to symmetrical to idee ' Jine 
apparent length of the horizon ss when 
presented within the frame Hie com- 
measured by an intersecting laps t 
parison also within the frame. : frame 
vertical comparison was outside the 
there were no significant effects. demo” 
Wallach and McKenna (1960) ; sti 
strated that locating the compariso! erceP” 
ulus in relative isolation rendered Fr gence 
tion of its size indeterminant in the pit nent 
of distance cues. In the current e dete 
it might be suggested that the fac made 
mining the amount of adjustme? quin 
with the external comparison 1$ und o 
nonvisual (e.g., the average p 
manual turning of the apparatus € "sl 
However, two factors present in ' 
ulus conditions of the current y 
render this explanation. untena À isoli 
the external comparison was Jer from 
rather, it was the same distana inte 
left side of the frame as was rave 
comparison. Thus, the frame th co ap 
common reference point for bot ime E 
son stimuli. Second, the rp 
paratus had a variable ratio "t B 
to stimulus size assuring that he pas! 
make reliable adjustments 0n Thé pr 
nonvisual, mechanical cues. met om 
findings suggest that the Ù tern? 
techniques, external versus results nu 
parison, do yield different p rct OF 40 
asymmetrical frame exerts an "op 
internal vertical comparison fect 9 
but complimentary with its b "- al 
horizontal standard. This C 


ere 


peri 


it 


De 


4 
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Crease in the overall effect of the frame so 
that the effect of magnitude is greater than 
the Standard error of the measuring in- 
Strument, ‘The frame's effect. on the 
horizontal standard, as measured with the 
| be i comparison, is so slight as to be 

SSS than the small error inherent in the 
psum and, therefore, it is unde- 


lectable, 
CONCLUSIONS 


alt} Variety of visual frames investigated, 

a B 

ü tough a visual frame does 
A ence on extents bounded by the frame as was 
Shown by 


collectively these results indicate that for 
e 

exert an in- 
and Künnapas's (19592) extremely careful 
and deta; S n eful 
als detailed work, this influence is exceedingly 
Slight, 


Only when both the standard and the 
comp; 


wh arison stimuli were inside the frame, 
cn ere both were influenced simultaneously in 
| Pposite directions by the mmetrical frame, 


ud Pia effect discernible (Exp. III). vehen 
adi. omparison was external but still close Y 
PM to the frame, no frame effect. was 
vident, 
Via an e 


Further, in Exp. Il, it was shown 
Dositi Xternal comparis n that neither the 
its o of the standard within the frame zar 
judg tentation within the frame influenced 3 
ee significantly. M the same ns 
illusi er, the , powerful effect of _ the f 
ions S Was evident in all of the various con b 
(Ex, Whether measured by apparent shape 
s 1) or apparent size (Exp. 11). Thus, 

attribute any but the most minimal effect 

te natural visual frame resulting from the 
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elliptical orbit of the eye to the V-H illusion 
of similar visual phenomena is not supported. 
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Three 


Considerable interest has been evidenced 
in drawing analogs from animal condition- 
ing to conditioning in humans. Much of 
this interest has centered on extensions of 
Hull-Spence theory (Lott & Lott, 1968; 
Weiss, 1968). Relatively little work has 
been done on the sequential theory of 
Capaldi (1967), probably because of its 
recent emergence. The studies involving 
sequential variables and human Ss that 
have been reported in the literature have 
dealt primarily with the number of non- 
reinforced trials prior to a reinforced trial 
(N length) (Halpern & Poon, 1971; 
Lamberth, 1971; Litchfield & Duerfeldt, 
1969; Meyers & Capaldi, 1970). 

There are other variables besides N 
length of importance to sequential theory, 
and the present paper is an attempt to 
utilize one of them, magnitude of reinforce- 
ment, with human Ss. Capaldi's (1967, 
1970) sequential theory of instrumental 
learning is essentially a memory (after- 
effects) model. "According to the present 
hypothesis, performance on some trial Tn 
is regulated extensively by the stimuli con- 
tributed from earlier or preceeding trials in 
the series [Capaldi, 1967, p. 67]." In 
essence, events generate distinctive stimuli 
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experiments papers ene of sevara and masines to extinc- 
i ing social reinforcers with human Ss. In Exp. 1 
ees edit reward magnitude showed more Rn than a ranp ee on 
large (L) magnitude of reward. In Exp. H, a group that had transitions E is 
nonreward to large reward was more resistant to extinction than a group thé 
had transitions from nonreward to small reward. 5 
experienced an S-L transition in acquisition showed more Rn than a gronn 
that received an L-S transition, even though magnitude of reward was identica 
for both groups. The results were interpreted in sequential terms. 


TUDES 


I, a group that 


In Exp. II, a group that 


ubsequent 


that persist and are modified by $ s mo 


events. The implications of thi sitions 
for magnitude of reward and tra redict 
between small and large reward E Pe are 
ing subsequent extinction — a three 
discussed in conjunction with t 
experiments reported here. m. studit? 
A corollary reason for the prese? ; instr” 
has to do with current interes! cia en 
mental conditioning utilizing N 
forcers with humans as S$ (eU 19 
Lamberth, 1971; Lamberth & £ ei 
Lott & Lott, 1968; Staats & Staa ies É 
Weiss, 1968). Few of these € exce 
investigated magnitude of rewa" ge Crate 


Í 
tions are Clore, 1966; Lamberth cull d 
1970) partly because of the d paf! 


quantifying social reinforcer pos ee 
because it is difficult if not ? f deP" rot 
control drive level via any a ae has 
tion. The problem of drive e 
yet been solved, but Byrne ^. (f in 
(1965) have successfully. eel stl! 
relationship between certain E jut. 
Partly because of these prob “gs? t 
importantly because of the idi 1910 1 
sequential theory (cf. Cap? A id id ^ 
extinction is more indica Ve a isiti a l 
organism has learned than ae rate G 
present investigations conce! re 


ip th à : xau 
more sensitive extinction 


me 


"I 
ExPERIMENT 


1 
. e 
e ^ enc 
Fhere is abundant evident 


1 H e a 
mal-learning literature th 
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With small magnitude of reward in acqui- 
Ro show more resistance to extinction 
i as groups trained on large magni- 
reward. Virtually every theory of 

n has an explanation of this phenomenon. 
se ge theory is no exception. In 
Seneral, sequential theory assumes that the 
Aa of an instrumental response isa 
Ment p stimulus generalization decre- 
"hugo aa reward or series of rewards in 
stimul ton occasions a distinctive internal 
tiental 7 that is conditioned to the instru- 
trial al response on a subsequent rewarded 

al. 
à E extinction, the internal stimulus is 
gno] nonreward (S). The Ss condi- 
that cl fo respond toa stimulus complex 
as oe approximates nonreward (such 
relative reward) should show greater Rn 
to a ne to a group that receives training 
fired AM further removed from non- 
train E; Such as large reward. A group 
ra : on small reward is expected, there- 
GR l o show more Rn than a group trained 
arge reward. 


ua elliod.— The Ss were 20 University of Oklahoma 

“rgraduate students. Early in the semester 
Gere pretested on a 60-item survey of attitudes 
ane, 1971), Reinforcements were attitudes 


simil 

Magni to cach S's own, eight per trial for large 
Nagy itude of reward and one per trial for small 
„Snitude of reward. 


he ; . 
x 76.5 Paratus was a gray Masonite panel 76.2 


Å em., with a large lever in the center that 
ley, * depressed 38.1 cm. ‘To the right of the 
ved as a signal to 
To the left of the 
emicircle, 


eve 
Yer Were s Rage 
With Were seven buttons arranged in a 5 


and the 
Semic; In the middle of 

bu circle was a light, which came on Hm 
o 

1 " a the lever was a slit through which cards 
li he ut ipped. The lever was wired to two clocks. 
"ht in Clock was activated oon as the ready 
2 depress on and was terminated when 5 began 
UM d the lever. The second clock was then 
i che pe was terminated when the lever 
he Passed, CUm of the channel through which 
Was told thee S entered the experimental room, 
Nses to nat the experiment concerned people's 

to hi lat ios an social information. He was 
Want mom MUN might not always be available 
levat? that į en it was, he was to signal E that he 
r 5 information by pulling the lever. The 

€ was made to seem only incidental to 


i 


the real purpose of the experiment. If information 
was available, it was received on a card through the 
slit in the apparatus. Whether S received a card 
or not, he was to indicate how he felt by pushing 
one of the seven buttons to the left of the lever. 
The S was informed that he could stop pulling the 
lever at any time he wished. If he stopped, the 
experiment was terminated. There were two groups 
with 10 Ss in each group. Group S received small 
magnitude of reward and Group L received large 
rnitude of reward. 

ch group received 7 trials of acquisition and 

20 trials in extinction. Specifically, a trial began 

with the onset of the ready light to the right of the 

lever. The S then pulled the lever and received a 

reinforcement; following this, S pushed the button 

indicating how he felt. The light in the semicircle 

of buttons came on when S pushed a button, and 

remained on for + sec. The offset of the light under 

the buttons and the onset of the ready light signaling 

the start of the next trial were simultaneous. If S 

did not initiate a lever pull within 30 sec. after the 

start of a trial, the experiment was terminated. If 

this occurred in acquisition, S's data were excluded 

from analysis. Two Ss in the L group and one in 

the S group quit in acquisition. If it occurred in 

extinction, S was assigned a latency of 15 sec. on 

each clock for the remaining trials. This procedure 

was necessary because the results of pilot work and 
other investigations (Lamberth, Gouaux, & Davis, in 
press; Litchfield & Duerfeldt, 1969) indicated that if 
Sis prompted to pull the lever by Z after the start of 
the experiment, he pulls for many trials at a steady 
rate regardless of the reinforcement contingencies. 


Results and discussion.—There were no 
terminal acquisition differences between 
the Groups, / (18) = 1.23. The extinction 
results are presented in Fig. 1. There is a 
clear superiority early in extinction of the 
Small-Reward group over the Large-Re- 
ward group. Over the first five blocks of 
trials, there is a between-groups difference, 
F (1, 18) = 4.003, p < .06.? 

It is apparent that our Ss performed as 
predicted. This preliminary exhibition of 
magnitude differences in extinction is en- 
couraging, but obviously does not relate 
at all to the question of whether sequential 
theory is operative with human Ss and 


2]n this experiment and Exp. 111, we had no a 
; of knowing how many trials to run in 
Analysis of our data over all 10 blocks 


priori wa 


extinction. 3 [ our ch 
showed very marginal significance, F (1, 18) = 2.76, 
ps. The variability increased as extinction 


proceeded and obscured the differences. Of course, 
in a situation in which Ss are receiving continuous 
reinforcement, they would be expected to extinguish 
rapidly. Therefore, we analyzed only the first 5 
blocks of trials. 


[e 
on 
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CLOCK 2 
Small 
Large 

A a a oa aaa aaa S ——34—3—3À* 


5 
Two- Trial Blocks 


Fic. 1. Extinction curves for groups receiving small or large magnitude of reinforce 


social reinforcers. The two experiments 
to follow were designed to make such a test. 


EXPERIMENT II 


Capaldi (1970) has argued that when 
shifts in reward magnitude and transitions 
from nonreward to reward are utilized, the 
variable of importance in determining Rn 
is the magnitude from which and to which 
Ss are shifted. Capaldi assumes that non- 
reward (N) produces a distinctive stimulus 
(SS), which occurs on the subsequent trial. 
If reward occurs on the next trial, SX De- 
comes conditioned to approach. The 
strength of this conditioning is stronger if 
the reward is large (L) rather than small 
(S). Conditioning is stronger for a group 
receiving N-L transitions than for a group 
receiving N-S transitions. The strength 
with which the instrumental response is 


TABLE 1 


IEDULES FOR THE Four GROUPS IN EXPERIMENT " == 


in Exp. b 
ement in Exp- 


conditioned to the stimulus trac 
reward, in Capaldi's terms 1n 5 
ciation, is the mechanism of 
reinforcement extinction eflect y the 
In the present experiment, rA- i 
using merely the number of sinia 
to differentiate magnitudes, WE by 
use stimuli previously quantifiec yor 
and Rhamey (1965). They Fel ime us 
personal evaluations are 1 
powerful as attitudes in deter 
personal attraction. “Topics 07. 
(analogous to our neutral sm attra 
half as effective in determino 
as attitudes (Byrne, 1971). nave $ 
Lamberth and Craig ur ie 
differences in performance Ten 9$ 
sponding choice situation pem as , g 
personal evaluations were eee 
magnitude and "neutral St 


small magnitude. 
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Pic, 2. Extinction curves 


Under, .. The Ss were 64 University of Oklahoma 

seraduate students, E in the semester 
Tue te pretested on a 60-item survey of attitudes. 

eh RR as the basis of the personal a, 
Attitude ~ told that another student had read his 
Personal survey and evaluated him on the Inter- 
IJS en Judgment Scale (IJS) (Byrne, 1961) Fhe 
intellige, * of six 7-point rating scales concerning 
Current woe? Morality, adjustment, knowledge a 
and hoy events, how much the student would like - : 
Scales : much he would like to work with S. The 
o Ange from very positive to y negative. 
M ue jositive evaluations for each 
i “g feel that I 


a A - 
My e p Werent sample, it was determined that Ss 
Studen PoPulation felt that an intelligent premedical 


le 
ilie Was extremely competent. To increase the 
3 Was q uf the evaluations, the person evaluating 
ol aba ete 1 premedical student with an IQ 
fror 1 l S was told that several students 


i ; 
t he A ; à 
they had Premedical club had evaluated him and that 
luat written their evaluations on cards. These 
. . M Were utilized as large magnitude of 
een p statements such as “Red China 
n 
ide of 


- mig] 
= X 
Dos S Perime i 
fach Imenta] groups were created with 16 


Eri EU i 
Up. "The first group started with small 
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CLOCK 2 


3 
Two-Trial Blocks 
for Groups SNS, SNL, LNS, and LNL in 


reward, was shifted to nonreward, and then back to 
small reward (SNS). The second began with small 
reward, was shifted to nonreward, and then to large 
reward (: ). "Phe third originated with large, 
was shifted to nonreward, and then to small reward 


(LNS); while the fourth started with large, was 
shifted to nonreward, and then back to large reward 
(LNL). The schedules, which were used by Capaldi 
(1970), are shown in Table 1. There were 22 trials 
of acquisition and 20 trials of extinction. 

According to sequential theory, the critical vari- 


able is the magnitude of reward to which Ss are 
shifted following nonreward.! We hypothesized 
that Groups SNL and LNL would not differ from 
each other, but would show more Rn than Groups 
SNS and LNS, who also would not differ from 


each other. 


Results and discussion — the results are 
presented graphically in Fig. 2. Since we 
were in essence replicating a study reported 
by Capaldi (1970), we expected the same 
ordering of the groups as Capaldi reported. 
Capaldi reported that Groups LNL and 
SNL did not differ from each other but 
showed more Rn than Group SNS, which 


was faster than Group LXS. The groups 


Of course, we are ignoring the transitions from 
reward to nonreward (R-N transitions), The efleet 
of these transitions are less robust than N R tr. "a 
tions, and probably we would not expect Chant ‘ts 
have any effect with fairly small differences inn o 
tude and no control of drive level, 


agni- 


286 


Preliminary evidence from these investigations 
and at least four others (Halpern & Poon, 1971: 
Lamberth, 1971; Litchfield & Duerfeldt, 1969 : 
Meyers & Capaldi, 1970) indicate that re- 
searchers interested in human conditioning 
should consider these more specific operations 
when studying an analog to instrumental 
reward conditioning. The effects of sequence 
of reward in acquisition are, according to 
Capaldi, a fundamental difference between 
sequential and nonsequential theory. The se- 
quence of reward is not viewed as just another 
variable, such as drive, but rather organisms 
which experience different sequences learn dif- 
ferent things. This follows from the propos 
tion that different reward events have distinc- 
tive internal stimuli, and organisms learn 
responses to different associations or cognitions 
with different training sequences. In many 
ways, with its emphasis on memory and learn- 
ing cognitions, etc., sequential theory seems 
even more suitable to humans than to rats. 
One further word should be said about the 
reinforcers used here. These are, of course, 
some of the reinforcers used in social situations. 
Perhaps it is premature, but it is intriguing to 
speculate about the possibility that there may 
be sequences of reinforcement (with social 
reinforcers) that would make interpersonal 
relationships maximally resistant to extinction. 
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EFFECTS OF 24-HOUR SLEEP DEPRIVATION ON RATE 


OF DECREMENT IN A 1 


0-MINUTE AUDITORY 


REACTION TIME TASK? 


HANS-OLOF LISPER? AND 


ANDERS KJELLBERG 


University of Uppsala, Uppsala, Sweden 


A reaction time (RT) task of short dur: 
rate (16 signals/minute) was used to ex 
(SD) in interaction with task duration 
distribution. Eight Ss participated on 
normal sleep. From a significant intera 
for 25th, 50th, and 75th percentiles, it w: 
increase in RT. Strengthening of the int 
and significantly more blockings for the 
an increased skewness found by other r 


ation, characterized by a high signal 
amine if 1 night of sleep deprivation 
did transfer and/or change the RT 
two occasions: after SD and after 
ction between SD and task duration 
as concluded that there was a general 
eraction for the 75th percentile values 
last minutes in SD also did confirm 
esearchers. Since these effects are a 


function of interaction, it is suggested that one of the effects of SD can be an 
accentuation of the decrement found in vigilance. 


i A the characteristics of tasks sen- 
they po Seep deprivation (SD) is that 
Wilis to be of a certain duration. 
tene, Son (1968) summarizing the in- 
Will [m of test duration stated that a test 
is e Sensitive to 30 hr. of SD only if it 
rather nged for at least 30 min. l'his is a 
of SD re a recommendation as effects 
tests " € heen demonstrated with shorter 
Granda 155 Donnell, 1969; Williams, 
Jut e n Jones, Lubin, & Armington, 1962); 

ven for these, time on task seems to 
important factor. That an SD 
Nust be prolonged is dependent upon 
aen that SI) does not seem to affect 
Š a level of performance, but only 
A of decrement. Thus after SD the 
anq ip HR of performance is more rapid, 
signifi US will sooner or later result in a 
the Cant difference between the SD and 
raj, ermal sleep condition. lf increased 
Si 9f decrement is the pervading effect of 
img aaar tasks that show decrement over 
Sensitiy, er normal conditions ought to be 

* to SD. 

mi the Present experiment, a 10-min. 
ha this characteristic was used. 


the 
th 


tigation was supported by grants from 
Council for Social Science Research. 

S for reprints should be sent to Hans- 
department of Psycholc University 
n Svartbäcksgatan 10, S- 20 Uppsala, 
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to 90-db. auditory signals increased over 
3 hr. when using a high signal rate (240 
signals/hr), but was unaffected when the 
signal rate was low (12 signals/hr). 
Lisper and Ericsson (1972) further in- 
creased the signal rate and found that with 
15 signals/min, a 10-min. watch was 
sufficient for a significant increase in RT. 
In the reported experiment, a similar 10- 
min. task was used; i.e., RT will be mea- 
sured to 70-db. signals presented at a 
signal rate of 16 signals/min. 

That this task should be sensitive to SD 
is also supported by the findings of Wil- 
liams, Lubin, and Goodnow (1959), who 
found that a 10-min. choice RT task was 
sensitive to SD. They also found that RT 
increased with task duration, especially 
if the task was without interruptions. 
When analyzing the result with SD as 
independent variable, they did not con- 
sider the interaction between SD and task 
duration and treated the 10-min. period in 
itsentirety. Doing this, they demonstrated 
that the 10 longest RTs increased over 
hours of SD, but that on the other hand, 
the 10 shortest RTs were rather unaffected. 
This mode of analysis leaves open the 
possibility that the 10 shortest RTs were 
registered at the beginning and the 10 
longest at the end of the 10-min. test. 
Thus it is possible that SD in interaction 
with task duration affects even the short 
RTs. In the reported experiment, dil- 
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were ranked as predicted, and the data 
were analyzed by the Jonckhere test 
(Jonckhere, 1954), which examines the 
overall difference between groups and their 
rank orderings in a single operation. The 
analysis indicated a marginally significant 
effect, z = 1.32, p = .09. The groups are 
ordered as expected and indicate that a 
transition from nonreward to large reward 
renders Ss more resistant to extinction than 
a transition from nonreward to small 
reward. 

Seemingly, sequential theory is the only 
major theory of instrumental learning that 
would hypothesize differences in Rn be- 
tween groups which experience a transition 
from nonreward to large reward versus 
groups which experience a transition from 
nonreward to small reward. Other theories 
(Amsel, 1967 ; Lawrence & Festinger, 1962) 
assume that Rn is an increasing function 
of magnitude of partial reward; that is, 
as the magnitude of reward increases, 
dissonance or frustration increases and 
regulates the PREE. If their interpreta- 
tion is correct, then Group LNL should 
show most Rn, with SNL and LNS next, 
and Group SNS least resistant. It is 
obvious from our results that these predic- 
tions did not obtain.? 

Several critics of sequential theory have 
argued that sequential variables are only 
important in explaining the PREE when 
massed trial acquisition is used (Amsel, 
1967; Gonzales & Bitterman, 1969; Hull, 
1952). Obviously massed trials were used 
here in acquisition. Recently Capaldi 
(1970) has shown that the same schedules 
as employed here with a 24-hr. intertrial 


interval yield the same results as massed 
acquisition trials. 


EXPERIMENT II] 
À sequential extension of the N-R transi- 
tion concept explored in Exp. II is the idea 


è [t would be extremely naive to assume that we 
are theory testing in the present situation. These 
learning theories have been developed using another 
species and other reinforcers. Any "test" they may 
face should rightly be conducted with rats and 
primary reinforcers. On the other hand, if the 
theory predicts behavior across species and rein- 
forcers, generality has been added to that theory. 
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that transitions in reward magnitude should 
also influence Rn. The logic of the idea 
is straightforward. In a transition from 
small to large (S-L) reward, the stimulus 
produced by small reward is sodinonei 
to the instrumental response by means 3 
large reward. In L-S transitions, on A 
other hand, the stimulus produced n 
large reward is conditioned by means © Y 
small reward. Approach is more strong) 
conditioned to the internal stimulus o 
small reward in Group S-L than in Gronh 
L-S. The stimulus occurring in extinctio" 
is more similar to the stimulus of ppt 
reward and thus Group S-L will have 
approach response more strongly bue 
tioned to a stimulus complex that appre 
mates N than will Group L-S. ing 

One complication arises when us rs 
humans as Ss in a study of this ber 
"Typically, experiments of this sort uo 
two trials a day with the appropriate tra ter" 
tions. It is assumed that the 24-hr. en 
trial interval to the next day will wee 
what is in effect the opposite type of 
tion. It is impractical to bring hi ^ 
back to the lab over a period of t 
allow many transitions. For this re% 
only one transition was possible. 


uma 


s per group. 
received 10 trials of acquisition reinforce? 
statements followed by 10 trials reinforce’ s 
tive personal evaluations, Group, 
positive evaluations for the first 10 tri 


is i 
ils and nen o 
Group “sll 


statements for the final 10 trials. 20 trial 
received positive evaluations on all "i 
Ss were run in 20 trials of extinction. ted 
-osell* 
gs pres% ici? 
Resulis.— The results are P^ y 


NS :eccal at 
graphically in Fig. 3. Statistical ol 


ene sadicate? 424] 
across all 10 blocks of trials ind D 
à significant trials effect, "o. 


= 16.72, p < .001. It appeared: yis, g 
I, that Ss extinguished rapidly. I4. 
course, is reasonable in that 10 < od s 
III, Ss were continuously reife 
would be expected to exting inl? 
rapidly than Ss receiving part? or 
ment in Exp. II. - ed the spo 
Additional analysis confirme® gtin" 
lation that we had run too many 7 
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Fic. 3. Extinction curves for Groups LL, SL, and LS in Exp. HT. 


tri; u 
no and, in effect, obscured real differ- 
Pea Analysis of variance across the first 
blocks of trials indicated a significant 


ES S effect, F (4, 144) = 16.34, p < .001, 
"ie a significant Groups X Trials interac- 
On, F (8 144) = 225, p < .03. Post hoc 


ndalysis (Scheffé's) indicated that there were 
Car] reliable differences between groupe 
Wa Y in extinction. In fact, Group L- 
"rial 8Ster across the first three blocks of 
“S than Group S-L. By Trial Block 5, 
ia d S-L was significantly faster than 
UH LS (p <.01), indicating that 
as Pis S-L was more resistant to extinction, 
dig, *dicted. Group S-L and L-L did not 
Ly from each other although Group 
S4 tended to show less Rn than Group 
‘his, of course, is consistent with 
al theory in that Group L-L had 
to N XPerienced the stimulus most similar 
7C acquisition (i.e., small reward). 


Seq : 
Uleng; 
Nop hti 


T GENERAL DISCUSSION 


e 
idean esent experiments lend support to 
in that sequential variables play a major 

„termining Rn with human Ss and 


‘Morcements. Tt is obvious that N-R 


transitions and S-L transitions are determi- 
nants of Rn in humans. This is the case even 
though in Exp. III there was only one S-L 
transition. 

Virtually all the viable theories of extinction 
can predict the results we obtained in Exp. I. 
As was indicated earlier, only Capaldi's se- 
quential theory can predict the results of 
Exp. II, and the same is true for Exp. III. 
Groups L-S and S-L had exactly the same 
number and magnitude of reinforcement in 
acquisition. Both groups should have experi- 
enced the same level of frustration or disso- 
nance in extinction and thus been equally 
resistant to extinction. It seems apparent 
that what is important in determining Rn in 
a varied magnitude situation is not magnitude 
per se, but rather the sequence of small and 
large rewards. 

The intriguing possibilities in generalizing 
via sequential principles from rats to humans 
are many. The most general point that 
Capaldi (1967, 1970) emphasizes is that it is 
necessary to analyze acquisition into more 
specific components than partial reward or 
varied magnitude of reward. To predict Rn 
accurately, schedules of reward need to be 
broken down more specifically into dyadic 


sequences. (eg, R-R, R-N, N-R, N.N). 
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One-minute periods 


Fic. 1. 


Changes in 25th, 50th, and 75th percentile reaction times over 10 min. after 


normal sleep (closed circles) and sleep deprivation (open circles). 


ferent parts of the RT distribution will 
be considered to investigate if 1 night of 
SD in interaction with task duration will 
transfer the entire distribution toward 
longer RTs or if only the long RTs are 
affected. 


METHOD 


Five female and three male undergraduate stu- 
dents, between 20 and 25 vr. of age, participated as 
paid Ss 

The experiment was conducted in a 1.5 X 2.0 X 
2.0 m. semisoundproof chamber, which was dimly 
lit during the experiment. The Ss were comfortably 
seated in a half-reclining position in an armchair 
and were instructed to press a microswitch, held in 
the preferred hand, as rapidly as possible when they 
heard an auditory signal. This response terminated 
the signal, which came from a loudspeaker placed 
in front of and above Ss. The signal was a 1,000-Hz. 
tone produced by an Oltronix RC-oscillator Type 
RCO-6K and having the intensity 70 db. re .0002 
dyn/cm? measured at the place of Ss’ heads. The 
mean interstimulus interval (ISI) wa: with 
a variation of +1.25 sec. Eleven intervals were 
used all with the same probability, and the order 
between them was randomized over the 10-min. 
watch. The Ss’ RTs were recorded in 1-msec. 
units by an electronic timer, manufactured by the 
Department of Psychology, University of Uppsala, 
Sweden, and were then printed on an ADDO-X 
printer. 

, Each S participated on two occasions with an 
interval of 6 to 8 days. Half of the Ss started the 
experiment after 1 night of SD and the other four Ss 
after a night of normal sleep. Two Ss at a time 


d from 1 


: , — 
were kept awake, and this was superv! ng 


p.m. until the test started the next mor 
tween 8:00 and 8:30 a.m. In the SD Ss 2 
then, Ss had been without sleep for abor t 
Before the test started, Ss were to surrent jani 
watches and were on both occasions give! 
practicing on the RT task. 


RESULT 

For each S, the 25th, 50th, 
percentile RTs were computed 
period of 1 min. Table 1 shows 
maries of analysis of variance i 
1960, pp. 224-253) based on these y 
This analysis shows that 
significant linear trends ove 
time for all three parts of the, 
tribution. There was also 2 
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TABLE ! 
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B X Slinear trend | 


* p «.05. 
** p <01. 
“tyc. 


I à R 
Source E 7 
à "AE 
Time blocks (T) 63 | 4.97*** 1457 i 
T linear trend 4 EX n 
Degree of SD (S) ; E a | BE 
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AUDITORY RT AFTER 24-HOUR SLEEP DEPRIVATION 


main effect of SD. More interesting was 
= SD interacted with the linear trend 
{ blocks of time for all parts of the RT 
distribution, Figure 1 shows the nature 
of these effects. There was an increase of 
T as a function of task duration in both 
Conditions, but the increase was more 
Pronounced after SD. From Fig. 1 and 
pai 2, (intercepts) it can be seen that 
we, difference between the two conditions 
fest negligible for the first minutes of the 
br 'rom Table 2 it can also be seen 
eu eR Was a general displacement of 
the ] RT distribution upwards, but that 
t S R Ts were most affected by time on 
ie. Further it can be seen that the 
tim Taction between SD and blocks of 
bie eqs the entire RT distribution, 
Biogr so that the effect. as more pro- 
idus oe for the long RTs. To get an 
testi of the necessity of a 10-min period of 
first ng, the same analysis was done for the 
of | » minutes of the test. 7 he linear effect 
si locks of time was, even in this case, 
8nificant, # (1, 63) = 7.15, p < .01, but 
TÉ main effect of SD was not significant. 
Son linear interaction, on the other hand, 
Pere Still significant for 50th and 75th 
Centiles, P (1, 28) > 4.72, p < .05. 
Perio ES, defined as RTs twice the 
signif Average in the sleep condition, s 
Sign cantly increased by SD (p= a 
dij, 9t. Siegel, 1956, pp. 68-75). This 
he J; Ms was a function of blockings in 
ast 2 min, of the test. 


DISCUSSION 


ta he result showed that a short simple RT 
tha, 25 sensitive to 24 hr. of SD. The fact 


th : 
Me € tes S 
Nethog est is 


short has one important 
ological advantage; it is possible to 


TABLE 2 


ND INTERCEPTS (IN MSEC.) OF STRAIGHT 
D ro REACTION TIME DATA 


Percent Normal sleep Sleep deprivation 
m Increase Intercept | Increase | Intercept 
30th 11 | 161 24 | 166 

Sth ó 176 44 179 
22 | 197 80 196 
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make repeated measurements within the same 
SD session, without having the result too much 
blurred by, e.g., circadian rhythms and/or 
progressive effects on motivation. The sig- 
nificant effect of SD during the first 5 min. 
of the task suggests that the task even could 
be considerably shortened. This would further 
diminish the effects of extraneous factors. 

From the reported experiment it is con- 
cluded that even the short RTs are affected 
by SD. Williams et al. (1959) on the other 
hand, found that the 10 shortest RTs were 
affected very little by even rather extended 
periods of SD. Since Williams et al. (1959) 
did consider the 10-min. period in its entirety 
these two conclusions might not be contra- 
dictory. Thus the present authors, in retro- 
spect, would predict that the fastest responses 
found by Williams et al. (1959) were scored at 
the first few minutes of the test, and thus 
their conclusion might be another way of saying 
that the initial performance is unaffected by 
even very long periods of SD. 

Wilkinson (1968) concluded that an SD test 
has to be prolonged for at least one-half hour 
to be sensitive to moderate SD. ls then the 
present task more sensitive to SD than, e.g., 
Wilkinson's (1961) five-choice test of serial 
reaction? The answer to this problem is not 
only tied to the effects of SD per se, but also 
to the measures and statistical analysis used. 
Concerning the reported task, RT ought to be 
a more sensitive measure of decrement than, 
e.g., the detection measures used in vigilance. 
According to Buck (1966), there is a deteriora- 
tion in RT even before detections are affected. 
That in an RT task every signal is responded 
to in a graded fashion, and not in the less 
informative yes/no way of detection measures, 
means further statistical gains. In the 
analysis of the reported experiment, the rate 
of decrement was of main concern and con- 
sequently an analysis of trend was considered 
most relevant. That this is a more powerful 
statistical test for this aim than the ordinary 
analysis of variance was shown by the fact that 
the most important interaction between SD 
and time on task was significant only if analysis 
of trend was used. Thus a comparison between 
two different tests is very complicated and 
Wilkinson (1965) himself also stated that only 
broad comparisons could be made. Con- 
sequently the problem of the sensitivity of the 
task must be left without an answer. Further- 
more the present authors would like to stress 
that research must be concentrated on the 
mechanisms behind the effects of SD and not 
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let it suffice with categorizing tasks into sensi- 
tive and insensitive ones. 

Concerning mechanisms, Williams et al. 
(1959) stated that the deficit from SD on all 
their tasks "took the form of lapses [brief 
periods of no response accompanied 1 "extreme 
drowsiness and a decline in EE alpha 
amplitude, p. 24]." They also mentioned that 
there might be a gradual deterioration al ct- 
ing every RT. The reported experiment 
showed explicitly that SD in interaction with 
time on task gave a deterioration affecting 
the shorter RTs even when the period of SD 
was as short as 24hr. The result also confirmed 
the increase in positive skewness and number 
of blockings found by Williams et al. (1959). 
his increase was a result of SD in interaction 
with time on task. Thus for the first 3 min., 
the RT and number of blockings in the two 
conditions were very similar. If increased 
skewness and number of blockings should be 
interpreted as a function of lapses (instances 
of lowered arousal) and; or in line with Broad- 
bent's (1958) filter theory (attentional con- 
cepts), it is difficult to judge from the reported 
experiment without adding other measures, 
preferably EEG. 

In the search for mechanisms behind the 
elfects of SD, another point of departure 
could be the fact that rate of decrement is 
accentuated by SD. Thus one of the mech- 
anisms behind the effects of SD might be as 
simple as adding a constant to a more basic 
process. Consequently the present authors 
would like to strongly stress that SD cannot 
be considered in isolation and that theories of 
vigilance might deal with the suggested basic 
process. Of these theories, the habituation 
theory by Mackworth (1968) seems to fit best 
into data from tasks very similar to those re- 
ported, in non-SD conditions. Thus higher 
signal rates gave faster decrement than low 
rates (Lisper, 1969; Lisper & Ericsson, 1972). 
Further the extension of the habituation theory 


to SD is also favored by Mackworth herself 
(1969, pp. 132-144). 
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The experiments distinguished the effects of meaningfulness (M) and pro- 


nounceability (P) on acquisition and retention. 
exposure duration was varied and immediate recall obtained. 


In the first experiment, the 
It was found 


that P strings required a shorter exposure duration than M strings to obtain 
the same recall level. Random (R) strings required the longest exposure dura- 


tion. 


In the second experiment, level of learning was equated by the use 


of the previously determined exposure times and a retention interval was 


introduced. 


The results were interpreted in terms of different 


Delayed recall was highest for R strings and lowest for P strings. 


l representation of the 


chunks in short- and long-term memory due to the nature of the chunks and 


the opportunity for rehearsal. 


met facilitating effect. of grouping or 
E ing Operations on recall in the short- 
emere Y (ST M) paradigm has been 
Strated with a variety of materials 

én Bower & Winzenz, 1970; Laughery 
ay 1968; Miller, 1956). However, 
only st Invariably, the research has testet 
effec immediate recall. Thus the separate 
Pen of chunking operations on ge oa 
ents and retention are impossible to dis- 
Sera The focus of the present re- 
en ch is to determine these separate effects 
5, Meaningful (M) and pronounceable 

$ chunking units. Retention, here, will 

retenga ered the level of recall giter s 
Ate Foe interval when level of immedi- 
intor. call has been equated. The getengon 
task val must involve presentation of a 
unite hich will minimize rehearsal ps 
ref "s for S. Acquisition 1s taken to be 
A, Ccted in the level of immediate recall. 
expo ternative acquisition measure is n 
"cogniti duration of a stimulus needed for 

niti; ion or identification. u 
— tial research on P and M strings as 
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chunking units had generally indicated that 
while both facilitate immediate recall, P 
units are better recalled. Laughery and 
Pinkus (1968) presented 12 letter strings 
for .3 sec. to 3.0 sec. and obtained immediate 
recall. Each string was either M, P, both 
M and P (words), or randomly ordered 
letters (R). Results across all presentation 
rates indicated superior recall for words 
and P units followed by M units. Recall 
was poorest for the R strings. Laughery 
and Pinkus concluded, “‘pronounceability is 
a more effective dimension for chunking in 
STM than meaningfulness [p. 640]." Thus 
they were suggesting a retention effect due 
to chunking. Yet in later discussion 
Laughery and Pinkus attributed the effect 
to the greater rehearsal efficiency of P 
units, thereby suggesting an acquisition 
effect. 

The rehearsal efficiency interpretation of 
the improved recall with P chunks has 
received considerable support. Stanners 
and Meunier (1969) found that an unfilled 
retention interval facilitated immediate 
recall to the extent that the item string was 
pronounceable. A similar relation between 
ease of pronunciation and recall has been 
obtained by Pinkus and Laughery (1970) 
and Meunier, Stanners, and Meunier (1971). 
Gibson, Bishop, Schiff, and Smith (1964) 
found P units had a lower recognition 
threshold, which lends further support to 
a hypothesis that. the recall effect. is an 
acquisition phenomenon. 


A 
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While the relation between rehearsal effi- 
ciency and ease of pronunciation has re- 
ceived considerable support, several studies 
have found better immediate recall for M 
rather than P chunks.  Boroskin and 
Lindley (1970) noted that in the Laughery 
and Pinkus (1968) study P strings always 
followed the sequence "CVC," while no 
such consonant-vowel ordering was present 
in the M strings. With sequential depen- 
dency equated, Boroskin and Lindley found 
greater immediate recall for M strings. 
Similar results have been obtained by 
Cimbalo and Mahoney (1970) and Bower 
and Springston (1970). The basis for the 
discrepancy in results across studies is un- 
clear. It may be a function of the par- 
ticular strings employed or a variety of 
procedural differences (Bower & Springs- 
ton, 1970). The discrepancy may also be 
due to a confounding of acquisition and 
retention. The Gibson et al. (1964) study 
most clearly tests acquisition. Stanners 
and Meunier (1969), however, employed 
an unfilled retention interval and did not 
equate for level of immediate recall. Thus 
acquisition and retention were confounded. 

In long-term memory (LTM) research, 
the distinction between acquisition and 
retention has been adhered to strongly. 
Underwood (1964) has shown that when 
level of learning is equated at less than 
100%, most variables, like meaningfulness, 
which had been thought to affect retention 
were in fact acquisition effects. A similar 
distinction between acquisition and reten- 
tion should be made for the STM paradigm. 
Current models of memory suggest that in 
the STM paradigm: (a) information may 
be in both STM and LTM and (b) infor- 
mation in STM is susceptible to forgetting 
due to processing of additional input (e.g., 
Atkinson & Shiffrin, 1968; Waugh & 
Norman, 1965). Further, information is 
assumed to transfer to LTM as a function 
of rehearsal or by the application of coding 
rules that are based on extraexperimental 
associations (e.g., remembering a series of 
three consonants which are your initials). 


Thus it is possible for two different chunk- 
ing Schemes to be equally effective in im- 
mediate rec. 


all but to be forgotten at dif- 
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ferent rates over a filled retention interval 
due to their differential representation 1n 
LTM. We 
In the present research, level of sie 
ate recall for M, P, and R units was equatey 
by varying the exposure durations of ia 
letter strings. The letters were Vi 9 
grouped into four chunks ol id 
with the chunks being M, P, or R. E 
exposure durations were determined in p 
initial experiment in a way analogous W 
the procedure suggested by l nasi 
(1964). Thus the rate of acquisition ved 
determined by the exposure duration neg a 
to achieve criterion performance. RE 
tion was measured by the loss over à nie 
retention interval. For the M and P Men 
the memory units are likely to be the a 
vidual chunks since the letters o! cac 
chunk are integrated through their 
ingfulness and pronounceability. | 
this is well within the capacity ol 
the exposure duration should be relat 
short. The research reviewed suggests 
P units have a shorter rehearsal cycle 
M units, and hence acquisition should 
more quickly for P units. While the 
mation is within the capacity of 
contact with LTM is made in ter" 
applying phonemic rules and determ 
meaning (Bower & Springston, 1970). . are 
the P strings, while the phonemic rules a 
in LTM, the likelihood of a phonole jg 
representation of the three-letter "d 
LTM is small. Hence, the phon? [will 
representation of that string 1n 5 
be strictly dependent on rehears?", 
presentation. This is consisten 
model presented by Laughery 
an M unit is successfully locate“ ? 
semantic lexicon of LTM, a more that 
nent contact with LT M is made. | jM 


rock’ 


mean- 
unce 


tha” 
occu" 
infor 
STM: 
is € 
ining 
For 


y" 
jo" 
It was predicted that a 
interval would have a grea t 
P strings due to their weaker !* 
tion in LTM. 

Only a superficial coding "or: 
provided in the R-string condit! ate 
y sepa“ 


the 


is, the letters were spatial 
four groups of three. Thus 


MEANING 


rise ba to be rehearsed individually or 
this ple sng an idiosyncratic code. For 
dato it was expected that exposure 
en would be considerably longer for 
in order Aad than for the M and P strings 
elativel a mue criterion performance. 
should Y little retention loss, however, 
e occur lor the R strings. 1f rehearsal 
ie individual letters, then a greater 
chiket a of those letters (relative to the 
erred ¢ M and P strings) must be trans- 
level A. LT M to obtain an equivalent 
the Usitien Dm recall. Fhis is due to 
tion 2t STM capacity. A filled reten- 
TM; erval should have no effect on the 
recall items (Glanzer & Cunitz, 1966), and 
all should therefore be higher for M and 
ee than for P strings. If idiosyn- 
cally ae occurs, it must be semanti- 
able) ased (the letters are not pronounce- 
LTM i- this information is already ^ 
STM and M. again Hs 2 hohe 
€ greater T L, and de Ayed reca s 
ative to P strings. 


METHOD 


Bisous 
Yberimeyja] Design 


det eriment T. This experiment. was designed to 
Stri HRE the acquisition rate of M, P, and R 
The string-type variable was manipulated 
ac 5s. Exposure duration was a within-S 
Ss pe nd variations in it were determined by each 
Crease, Hormance, That is, the duration was in- 
*Den li 9r decreased by a fixed amount on Trial N, 
; “ng on whether S recalled fewer or more than 


A ens 
Bach rion of six to nine letters on Trial N-1. 

received nine trials with a different string 
‘ted on each trial. The order of presentation 
» NES was randomly determined for each S. 


Criteri e S : 
rati terion exposure duration for 5 was the mean 


TY bey; 
E x 1 ent IT.—This experiment involved a 3 X 
berimen wet model factorial design. The major 
wd tente variables were string type (M, P, or R) 
ws mani SUR Interval (0, 5, or 10 sec.). String type 
| an T ulated between Ss, while retention inter- 
trial i Mns factor. The third factor in- 
Stri s, P se of two Es. Each 5 received nine 
to as at each retention interval. | Each 
don ual sented with each retention interval 
ond; ders number of Ss, There were two ran- 

Titions. of presentation of retention interval 
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Materials 


i Each string type consisted of 12 letters grouped 
into units of 3. Nine strings of each type were 
constructed with one restriction being that no letter 
occurred more than three times in a string. The 
P strings were taken from Boroskin and Lindley 
(1970), who scaled the units for degree of pronounce- 
ability. There was no consistent ordering of conso- 
nants and vowels, e.g., BLI VEA SLE ORC. The M 
strings cach consisted of four 3-letter acronyms 
found to be generally meaningful to students at the 
University of Manitoba. In a departure from 
previous research, only consonant strings were used, 
€.g., NFL CBS LTD MPH. lt was felt that the addition 
of any vowels would result in some pronunciation 
and could indeed lead to idiosyncratic regrouping 
of the letters into pronounceable units, The R 
strings also were constructed without vowels and 
consisted simply of a random reordering of the 
letters in the M strings. 

The stimulus letters were placed on white cards 
using Letterset type $ in. high. There was a 1-in. 
space between each group of three letters and 4 in. 
between letters within a group. The strings were 
presented on a three-channel Scientific Prototype 


tachistoscope. 


Subjects 


One hundred fifty-two students enrolled in sum- 
mer session psychology courses served as Ss. 
Participation was voluntary, but approximately 
40% received some course credit. These Ss were 
evenly distributed over experimental conditions. 
Twenty-four Ss took part in Exp. 1 (8 per condition) 
and 128 in Exp. II (14 per condition). 


Procedure 


Experiment 1.—Vhe Ss were run individually and 
were assigned to string-type conditions following a 
predetermined random order. The first trial for 
each condition involved a presentation time which 
preliminary work indicated would yield somewhat 
less than criterion performance. These times were 
3.5 sec., 3.5 sec., and 15 sec. for Cond. P, M, and 
R, respectively. Criterion performance on a trial 
was six to nine letters correct. On each trial, the 
presentation time was adjusted by a fixed interval 
depending on S's performance on the prior trial. 
The interval of adjustment was .2 sec. for Cond. 
P and M and 2.0 sec. for Cond. R. 

The Ss were instructed as to the nature of the 
letter strings. That is, they were told that a se- 
quence involved 12 letters grouped into four 3- 
letter units that were meaningful, pronounceable, 
or trigrams (for the respective conditions). They 
were also told that remembering the units would 
be easier than trying to remember the letters indi- 
vidually. Recall was written and it was explained 
that any letter could be written down first but that 
the sequence on the sheet must be properly ordered. 
The onset of each trial was signaled by a verbal 
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Mean letters recalled as a function of 
retention interval and string type (Exp. I1). 


"Ready" 3 sec. prior to presentation, and recall 
was signaled by the end of Presentation and by 
handing 5 a recall sheet. Recall time was 30 sec. 
Experiment II.— he Ss were randomly assigned 
to the six conditions obtained by using all combina- 
tions of string type (M, P, and R) and Es (1 and 2). 
Instructions and mode of presentation were the 
sume as in . l except that the retention interval 
activity was explained. The onset of cach of the 
nine trials was signaled by a verbal "Ready" 3 sec. 
prior to presentation. ‘The string was then presented 
for a time as determined in Exp. I. The end of the 
presentation was followed by either a verbal “Recall” 
or a Stroop test card (Underwood, 1967, Ch. 12). 
The Stroop card was placed in front of S, 
was required to read the color names as quickly 
as possible for the duration of the retention interval. 
There was a 35-sec. recall period for written recall, 
and this was followed by a 20-sec. intertrial interv: 

Following the nine STM t 
presented on a sheet of paper 
provide a protocol indicating any techniques used 
in remembering. items, For the M condition, Ss 
were also asked if they knew the me 
acronym. 


and he 


al. 
rials, each string was 
and Ss were asked to 


aning of each 
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terion performance 
correct) was calcul 


average presenta- 
s resulting in cri- 
(six to nine letters 
ated for each S. The 
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means of these times were 3.1 sec., 3.8 de 
and 17.5 sec. for Cond. P, M, and e 
spectively. A two-tailed ¢ test — e. 
highly significant difference between. 002. 
and M groups, / (26) = 5.29, p S. e 
Of practical significance, the longest he 
terion presentation time for an Qs for 
P condition was shorter than the tine lif- 
every S in the M group. Clearly the m 
ference between the M and P groups 2 
the R group is highly significant. j dix 
Since criterion performance Lares 
to nine letters correct, it is possible ip 
the shorter presentation time for Grou 
might have been correlated with 5 indi- 
letters correct. However, the results ne 
cate that this was not the case. On nean 
trials involving criterion recall, the. : 
letters recalled were 7.3, 7.4, and á 
Cond. P, M, and R, respectively: 
analysis of variance (ANOVA) She 
scores indicated the differences We! 
significant (F < 1). per 9 
Experiment 1I.— The mean Sn Be 
letters rec: rial Post” on 


An 
these 
not 


alled in proper sc | retenti 
: h ; , snm 
a function of string type anc Looki”? 
interval is presented in Fig. it 1 


5, 7 
only at the immediate recall Score fully 
clear that level of learning was capac 154 
equated. The obtained means Wt E 
7.6, and 7.4 for Cond. P, M, RD nee a 
spectively. An ANOVA pene, fica” 
these scores failed to yield a 9!E 
difference (F < 1). NOVA 

A 3X3 X 2 mixed-model A ore: ot 
performed on all of the recall ant eft^, 
results indicated significant ms. 2, e 
due to string type, F (2, 36) 2, 12) Z oni 
-01, and retention interval, # ( » i 
b «.001. The only significant! 
were String Type X Retention y 
(4, 72) = 1.16, p < 001, and f°, Loa 
tion Interval, F (2, 72) = : nm 
The interaction involving 2S 7 
greater retention loss obtainc* zi 
the Es. As can be seen A 
other effects are due to at strin? 
retention loss as a function 9' | s 
Retention loss was greatest fol f Nm 
and least for the R strings: ditio? a 
comparison of string-type COP nade 
10-sec. retention interval W 


was 
phe 
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E Tukey HSD test. The results indicated 
bua enp M. recalled significantly fewer 
dg lan Group R (p < .01) and sig- 
cantly than Group P 

(P < .05). 
ue i end of the experimental session 
à woup M were asked the meaning of 
each acronym. Only 13.6% (69,504). of 
og acronyms were reported as unknown. 
-: "n of meaning on retention can be 
inc mi in the retention of these acro- 
i aye to those where meaning was 
"6 ond Vhen the acronyms were reported 
at he D the proportion of letters recalled 
Was pa and 10-sec. retention intervals 
pns ty id and 420, respectively, while the 
With rons are ,509 and .108 for acronyms 
the ne reported as unknown. Thus 
mes fo. over the retention interval was 
taton a those acronyms for which infor- 
ia as to meaning was represented in 
R Thus knowing the meaning of the 
red iym facilitated immediate recall anc 

"ced retention loss. 


more letters 


DISCUSSION 


e. Acquisition results clearly support 
ion E y and Pinkus (1968) in that presenta- 
Vas Ens was shorter, and hence acquis tipa 
Jüsis P re rapid for pronounceable units. it 
nd th the discrepancy between these resu is 
(1924, 99€ obtained by Boroskin and Lindley 
11n which immediate recall was greater 
aningful units, is unclear. However, it 
be noted that pronounceability was 
In a to be the more effective acquisition unit 
Pinky : the present data and the Laughery and 
Studies (1968) findings, even though the 
Sures differed in terms of acquisition mea- 
in mu Presentation. methods, and restrictions 

T x Construction. 
mpi finding of the present research is 
8 ty d reversal of relationship between 
Cention when one goes from acquisition 
paningi » In terms of delayed recall, the 
ms Prono Strings were recalled better than 
in ionabie cable strings. However, it is 
“ninety. Whether one would conclude that 
ls the ess is a better means of encoding. 
Stri to tement would have to be re- 
A Second, random 
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tions of STM and LTM seems appropriate. 
The present data suggest that the more super- 
ficial the code (i.e., the less it depends on 
semantics) the less contact is made with LTM. 
Successful recall is therefore dependent largely 
on STM for superficially coded items. Thus 
a filled retention interval should produce a 
greater loss for these items. If, however, addi- 
tional rehearsal time is allowed, as was the 
case for R strings, then the superficial code 
should transfer to LTM. Thus retention loss 
is reduced by either semantic coding or re- 
hearsal time of sufficient length to allow trans- 
fer to LTM. 

Acquisition or immediate recall should be 
unaffected by the extent of semantic content 
in the code. Rather acquisition should only 
be dependent on the time needed to identify 
or process the code. Consistent with this, 
Gibson et al. (1964) found a lower identifica- 
tion threshold for pronounceable units. It 
should be possible, however, to find meaningful 
items which are more easily recognizable than 
the items employed due to their recency of 
occurrence in extraexperimental situations. 
This would result in a lower recognition thresh- 
old for M strings as compared to P strings. 
The relationship in delayed recall should be 
unaffected, however, since the nature of the 
code with respect to LTM representation is 
unchanged. 

That a nonsemantically based code is a 
temporary and superficial code is consistent 
with Laughery (1969). He suggests that 
whereas the meaningful unit is already es- 
tablished in LTM, the pronounceable unit 
involves an unfamiliar combination of phono- 
logical rules and thus must be established in 
LTM via rehearsal. If sufficient rehearsal is 
not allowed, then the pronounceable unit 
should be more susceptible to forgetting when 
a rehearsal-preventing task is introduced. The 
data of the present study confirm this notion. 
Interference based on specific similarity rela- 
tions, however, should affect both pronounce- 
able and meaningful units equally. Indeed, 
in the present research many Ss recalled 
"NBC" as "CBS," suggesting a confusion 
based on the semantic tag “television station.” 
While acoustic errors could not be assessed it 
is likely that such errors occurred in the recall 
of the pronounceable strings. 

A final implication of the present findings 
relates to Underwood's (1964) finding that 
equating level of learning nullifies the effect of 
meaningfulness in retention, This has been 
shown to be the case in the LTM paradigm. 
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In the present study, differential forgetting 
based on meaningfulness was obtained in spite 
of the care taken to equate level of learning. 
It would seem that in the STM paradigm, 
equating for level of immediate recall results 
in strings having differing proportions of items 
in STM and LTM. The differential rate of 
forgetting can be accounted for by the un- 
equal representation in the memory systems. 
Thus the present data support a multimemory 
system. In addition, the results indicate the 
dilemma faced in attempting to examine for- 
getting in STM. That is, failure to equate 
for level of learning results in a confounding 
of learning and forgetting. Equating for level 
of learning, however, results in a confounding 
of forgetting and representation in STM. 
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Four groups of 10 pigeons each pecked a key for variable internal (VI) reinforce- 
ment. The Single Stimulus group saw only the green training stimulus. The 
One Switch group received 7 days of training with green followed by 7 days of 
of training with a white vertical line. For the One Switch per Day group, 
green was present during the first half of each daily session, with line present 
during the last. In the Random Alternation group, the green and line stimuli 
were alternated randomly in 1-min. periods. All groups then received a 
wavelength generalization test in extinction. The Single Stimulus group 
and One Switch group gradients were quite similar and were sharper than the 
One Switch per Day group and Random Alternation group gradients, which 
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comparison on each of 10 days (i.e., with a 
block of S— periods preceding a block of 
S+ periods) yielded generalization gra- 
dients comparable to those of Ss for which 
S+ and S— stimuli were alternated ran- 
domly. Clearly the effects of discrimina- 
tion training on stimulus generalization 
require more than the reinforcement of 
responding in the presence of one stimulus 
and extinction in the presence of another. 
Some comparison or alternation of the two 
stimuli is required, although the number of 
opportunities for comparison may be quite 
limited. This finding is inconsistent with 
simple S-R associationistic views of dis- 
crimination learning (cf. Spence, 1936), 
which ascribe performance to the inter- 
action of hypothetical excitatory and in- 
hibitory response tendencies. It favors a 
more cognitive view of the learning process, 
such as that espoused by Thomas (1969, 
1970). Thomas has proposed that dis- 
crimination training establishes a state of 
"general attentiveness," such that training 
in which one stimulus difference is signifi- 
cant enhances attentiveness to a wide range 
of stimuli. By the same token, non- 
differential training is thought to teach S 
that stimuli are insignificant, reducing 
attention to stimulus change and thereby 
flattening gradients of stimulus generaliza- 
tion. If a common attentional mechanism 
underlies the effects on generalization of 
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both discrimination and nondifferential 
training, then opportunity to compare the 
training stimuli should play a parallel role 
in these two paradigms. The present 
experiment was designed to test this 
hypothesis.* 


METHOD 


Apparatus.—Vach S was run in one of five 
identical operant conditioning chambers enclosed 
within individual sound-attenuating hulls. Stimuli 
were projected onto the response key by IEE in- 
line projectors Model 10-3043-1851-L, with General 
Electric 1813 bulbs. Five chromatic stimuli, with 
"elengths at 501, 538, 555, 576, and 606 nm., 
and a vertical line .32 X 2.22 cm. on a black back- 
ground, were available for projection onto the 
response key. All light within the chamber was 


provided by the response key, except during 3-sec. 
reinforcement periods when the food hopper was 
illuminated. 


Extraneous noise was masked by 
introduced into the chamber by a 


small speaker located on the wall near the response 
key. 


Procedure.—Vrior to training, all Ss were assigned 
randomly to one of four groups, which were desig- 
nated Single Stimulus, One Switch, One Switch per 
Day, and Random Alternation. Initial training for 
all Ss was identical, with the 555-nm. stimulus 
present on the respense key. Both magazine train- 
ing and key-peck training were accomplished on the 
first day. During the second and third of the daily 
training sessions, 30 continuously reinforced key 
pecks were permitted. During the fourth, fifth, and 
sixth session, gradually increasing variable interval 
(VI) requirements were programmed such that by 
the end of the sixth session, a variable interval 1-min. 
(VI-1 min.) schedule was in effect. On the next dav, 
the experimental condition for 
introduced. 


each group was 

Fourteen training sessions with the experimental 
conditions were run. Each of these sessions was 
30 min. in duration with a VI-2 min. schedule of 
reinforcement in effect, regardless of the stimulus 
projected onto the key, The Ss in the Single 
Stimulus group simply were given additional training 
with the 555-nm. stimulus. The Ss in the One 


* [t should be noted that the concept of "general 
attentiveness” does not provide a complete account 
of performance following intradimensional dis- 
crimination training. since it provides no basis for 
Predicting the peak shift or behavioral contrast. 
is pen purposes, the only finding of the 

experiment which is relevant is that 
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stimulus rather than 14. Hearst and 
Koresko (1968) have shown that relative 
generalization. gradients sharpen with in- 
creased training. If the One Switch 
gradient had been reliably flatter than the 
Single Stimulus control, the difference in 
amount of training might have accounted 
lor it. The absence of a significant differ- 
ence, however, strongly argues for the role 
of stimulus comparison in producing non- 
differential training effects. 

Using the same interdimensional task 
employed here, Switalski et al. (1966) and 
Lyons and Thomas (1967) have demon- 
strated the flattening of generalization by 
nondifferential training. These prior 
studies both employed a within-Ss design. 
As far as we know, the present study is the 
first between-group experiment to demon- 
strate a flattening of generalization. by 
interdimensional nondifferential training. 
This attests to the power and the generality 
of nondifferential training effects. 

Ellis (1970) had reported that one 
S— /S4- switch per day was sufficient to 
produce the typical effects of discrimination 
training. In a parallel fashion, the present 
study demonstrates that one switch per day 
produces about as much flattening of the 
gradient as does random alternation. Thus 
stimulus comparison seems to play a com- 
parable role in discrimination and non- 
differential training. This evidence sup- 
ports the notion that a single underlying 
mechanism, such as that of "general 
attentiveness," determines the effects of 
these two training procedures on the slope 
of generalization gradients. 
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mediate value. 
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1968) show that, in the free-recall situation, 
clustering based upon sense impression 
does occur. 

Recent theoretical discussions (Bower, 
1967; Morton, 1970; Norman & Rumel- 
hart, 1970; Underwood, 1969; Wickens, 
1970) on the nature of word meaning have 
suggested that total word meaning is com- 
prised of a number of different attributes, 
and an obvious task for the experimentalist 
is to identify these attributes and deter- 
mine their relative dominance in the en- 
coding process. The manner in which the 
sense-impression attribute was discovered 
and the outcome of several of the above- 
mentioned experiments indicates that sense 
impression is an attribute of word encoding. 
This fact seems to justify the desirability 
of exploring the sense-impression attribute 
bv another method which can give a quanti- 
tative estimate of an attribute's effective- 
ness and which will permit it to be com- 
pared with other attributes in saliency. 
The method in question is the "release from 
proactive inhibition (PI)" technique which 
will be briefly described below. 

The method is presented in more detail 
elsewhere (Wickens, 1970), but a brief 
description of it is in order at this time. 
Using the Peterson and Peterson (1959) 
paradigm, triads of words drawn from the 
same class are presented for three trials at 
a 20-sec. retention interval. On the fourth 
trial, the triad for the experimental group 
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is drawn from a different class. The control 
group receives the same class of material 
for all four trials. The typical result during 
the first three trials is a decline in per- 
formance from about 90% correct on Trial 1 
to 40% on Trial 3. The Control group vill 
drop a few percentage points more on 
Trial 4; but, depending upon the class of 
items being investigated, the performance 
ol the Experimental group will increase to 
a greater or lesser degrec. When incre- 
ments occur, they are assumed to occur 
because the materials of the first three trials 
are encoded differently than those of the 
fourth trial. This assumption leads to the 
interpretation that one has identified an 
attribute of psychological significance for S 
(Wickens, 1970). The present article 
describes the results derived from applying 
this technique to various sense impression 
dimensions. 


EXPERIMENT | 
Method 


Subjects —The Ss in this experiment were 96 Ohio 
State University introductory psychology students 
who chose this experiment to meet part of the course 
requirement. About two-thirds of them were 
females and the proportion of the two sexes was 
approximately equal in the various groups of the 
experiment. 

‘Materials, —Vhe materials employed in the experi- 
ment were taken from the high-dominance words of 
the round and white sense impressions of Underwood 
and Richardson (19560. Specifically the triads 
were as follows: round—barrel, knob, doughnut; 
head, balloon, wheel; globe, baseball, spool; dome, 
saucer, button and white—milk, teeth, napkin: 
linen, rice, bandage; chalk, lint, salt; snow, collar, 
diaper. 

Procedure.—Mier S came into the experimental 
room, E told S that he was interested in S's ability 
to remember three words for a short time and also 
in his competence in counting backwards by three’s. 
He was further told that both of these tasks were of 
equal importance and that he should do as well in 
cach of them as he could. 

Fhe S was then given an example of the timing 
and Sequence of the experiment. This 
consisted of a warning asterisk for 2 sec., a 2-sec. 
exposure of the triad (in this sample trial it was a 
blank slide), a two-digit number from which S 
counted backwards by 3's to the l-sec. beat of a 
metronome, a question mark which was the signal 
after the presentation slide went 
Il period, and the asterisk warning 
dicc a a iig 

E , the experiment was begun. 


sequence 


for the new trial. 
cedure w 
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The present EXPERIMENTS II, III, IV, AND V 
Method 
Subjects. —There were 96 Ss in each of these experi- 
ments, drawn from the same population and assigned 


to groups in the same manner as were those of 
s—It requires at least 12 words of a 
ss to conduct an experiment of the sort 
described above; and, although this number was 
available for the round and white attributes in the 
Underwood and Richardson (1956) report, their 
study did not seem to include enough items to test 
other scnse-impression dimensions. For this reason, 
a group of approximately 75 Ss were asked to list as 
many exemplars as they could of the following 
attribute square-rectangular; hard, soft, large, 
small, h . and light. These data were then 
tabulated and the 12 words with the highest fre- 
quency range were chosen to be used as materials in 
the subsequent expe It will be noted that 
this method of obtaining examples is like that used 
by Battig and Montague (1969) with taxonomic 
categories in that category was given and a 
request was made for examples. Underwood and 
Richardson worked the other way around, giving 
words and asking for the sense impression that the 


words created. 
The words generated gave the materials to con- 
duct encoding tests along the following dimensions: 


rectangular-round, hard-soft, large-small, and 
heavy-light. 

The particular triads used in cach case were 
rectangular—box, poster, table; envelope, door, 


brick; book, dice, photograph; window, dollar, bed; 
vound—the same as in Exp. 1; hard—rock, fist, 
enamel; steel, bone, marble; diamond, brick, iron; 
cement, ice, hamme soft—feather, lips, cotton: 
ion, pudding, girl; pillow, fur, baby; kitten, bed, 
vet; large an, truc " elephant, sun, 
giant; mountain, world, s universe, whale, 
building; smali—mouse, pin, flea; baby, molecule, 
cell; germ, needle, ant; atom, dust, splinter; heavy— 
boulder, whale, steel; anchor, car, elephant; ton, 
building, airplane; wrestler, gold, truck; light— 
feather, leaf, cotton; cloud, pin, ashes; ounce, 
aluminum, thread ; dust, bubble, snow. 

The attributes tested in each experiment were: 
for Exp. II, rectangular and round; for Exp. lll, 
hard and soft; for Exp. IV, large and small; and for 
Exp. V, heavy and light. 

Procedurc.—The. procedure of these experiments 
was the same as that in p. I. In addition, the 
method of scoring the data was the same 


Results 


The results for Exp. 11, the rectangular- 
round shift, are presented in Fig. 2. Sta- 
tistical analysis for the first three trials 
showed only a significant trials effect, 
F (2,184) = 82.3, p < .001. The / value 
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Fic. 3. Performance on the hard-soft shift. 


was t (95) = 1.76, p < .10, for the fourth 
trial. 

The results for Exp. 111, the hard-soft 
shift, are presented in Fig. 3. Again only 
the trials effect was significant across the 
first three trials, F (2, 184) = 95.9, p < .001. 
In this instance, the fourth trial / was 
t (95) = 3.32, p < .001. 

The results for Exp. IV, the large-small 
shift, are presented in Fig. 4. The trials 
effect across the first three trials was 
F (2, 184) = 69.9, p < .001, and nothing 
else wassignificant. In addition, the fourth 
trial £ was highly significant, ¢ (95) = 4.18, 
p < 001, 

The results for Exp. V, the heavy-light 
shift, are presented in Fig. 5. Across the 
first three trials, the analysis of variance 
produced an F (2, 184) = 52.5, p < .001, 
for the trials effect with nothing else 


significant. On Trial 4 the £ was non- 
Significant at 1.14. 
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Discussions 


A way of quantifying the results making 
possible to compare type of shift S 
another is to obtain what has been called the 
percentage release from proactive inhibition 
(PI). Thisis calculated by measuring the tou 
decline for the Control group from 


one 


Trial 


ini » f int 
through Trial 4 and determining the a 
by which the Experimental group excels ks 
Ý The percentage that 


Control on Trial 4. p end 
latter value is of the total control decline e 
be called the percentage release (rom PI. 
When these percentages are € cula 
the present five experiments, 
following accounting : 67€, for 
20% for rectangular-round, 42€, for hai? it: 
50% for large-small, and 176% for heay Tat the 
It is quite apparent from these data t nerve 
sense impression created by à word En 
as an attribute of a word in the automat g 
spontaneous type of encoding which see also 
prevail in this type of situation. 
obvious that its effectiveness V: 
attributes of the sense-im pression vat 
The greatest release was found in the 


d-solt, 


wies ? 


rour 


white shift, and it should be notet 
al 
100 oe e oExperimen! 
ee Control 
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SENSE IMPRESSION AS AN ENCODING DIMENSION OF WORDS 


sole — as an extradimensional shift, 
Within th “A color to shape. W hen one shifts 
the aleck 1 ae dimension alone, as in Exp. II, 
dimensional i de That itra- vereus S 
conditions i shifts are not, owever the critical 
the sizable or release from PI is indicated by 
ia de ^. dune obtained from going from 
ipsemet e her end of the hard-soft and the 
E variata continuum. W hy there should be 
‘igus: on from 16 to 50€; across the intra- 
the LUE RS is unclear. Indeed, some of 
imensio; ors occur in the most effective 
effective p arge and small—and in the least 
only bi pee ep Ss ak One can 
Teason E. rom the data that, for whatever 
theta, ome dimensions are more salient in 
cir encoding characteristics than are others. 
by * Sipe of release which can be obtained 
Brie palaton of at least some of the 
Comp; Pression dimensions is quite sizable as 
Pored with other types of shift. In a study 
English ry and Wickens (1971), Spanish- 
fading B. hifts with bilinguals were qom 
and in ih. à percentage release of about 70 a 
Shift (I le same study a taxonomic category 
body parts and food names) resulted in 
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an increment of a slightly larger value. Thus 
the extradimensional shift in Exp. I is quite 
impressive as are the intradimensional shifts of 
hard-soft and large-small. The rather high 
degree of effectiveness of the sense-impression 
dimension in the present experiments stands in 
contrast to the ineffectiveness of it in the 
transfer situation of Richardson (1962). In 
the Richardson experiment, taxonomic cate- 
gory proved to be a potent source of transfer, 
but sense impression did not do so. The data 
of the present experiment find sense impres- 
sions to be strong encoding dimensions, though 
generally less potent than taxonomic category 
(Goggin & Wickens, 1971; Loess, 1967). 
Similarly, sense impression does not prove to 
be very important as a carrier of concept 
information in the Underwood and Richardson 
(1956b) experiment. The reason for the varia- 
tion in effectiveness across these experiments 
is not clear, but it may be that S adopts a 
strategy in the concept and transfer experi- 
ments which obscures the cues available in a 
more “natural” state of behavior. Certainly 
sense impression is effective as an encoding 
dimension in the release from PI situation. 

A statement made earlier referred to the 
encoding in this situation as being automatic 
and spontaneous, and some justification for 
this position is in order. In several of the 
above experiments wherein significant release 
from PI was obtained, the experimental Ss 
were queried after the experiment as to whether 
or not they noted a difference among the triads. 
With considerable unanimity the responses 
were negative. The Ss just did not seem to be 
aware of the changing class of material, thereby 
implying an automatic and spontaneous 
character to their encoding. This is one 
reason why an interference type of interpreta- 
tion is preferred for this phenomenon rather 


than a perceptual one.* 


tatement is not meant to imply anything 
nce in short-term store, since the 
esent procedure probably removes 
at which produces 


3 This s 
about interfere 
nature of the pr 
the data from the same realm as th 
the recency effect in free recall. 
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processing capacity expended on a verbal learning task 
was inferred from his performance of a subsidiary ri i the 
shorter S's reaction time, the less his expended processing capacity (EPC). 
In Exp. 1, both list organization and free-recall learning reduced EPC, but 
the learning effect was restricted to EPC during list study. In Exp. LH, special 
procedures ensured that 5 had to process the list on every study trial, but 
had to recall only one word on every recall trial. Learning emerged in terms 
of EPC during both list study and word recall. It was concluded that learning 


Phe amount of 


S 
a 


and list organization facilitate both encoding and retrieval, 


| 5. tewed as an enhancement in information 
tee learning should show up on at least 
ee dimensions of information processing : 


less residual capacity for the subsidiary 
task, and the poorer the performance of the 
subsidiary task should be. Several studies 


Speed, accuracy, and ease. As learning attest to the feasibility and utility of the 
Progresses, the relevant information should EPC measure (Johnston, Greenberg, Fisher, 
e pi ‘d more quickly, accurately, and & Martin, 1970; Johnston, Griffith, & 
easily, Processing ease cám be concep- Wagstaff, 1972; Posner & Boies, 1971; 
alized in terms of system capacity con- Trumbo & Milone, 1971). 

Sumed . Á less the In the present experiments, a verbal 


pr the easier a task, the 
Whine capacity required to perform it. 
vaile learning frequently has been demon- 


hou ir on proc sing pea p 
Y been tested. The present re 
> ought not only to afford this test, 
oan to elucidate the processing loci of 
thier Specifically, is Jearning a phe- 
Cessin On ‘ol input processing, output pro- 
na Sr OF both? 
Phe Measure of processing ease employed 
the Present work will henceforth be 


In 


learning task served the primary role, and 
a simple reaction time (RT) task served 
the subsidiary role. As S performed the 
verbal learning task, he also monitored a 
light and pushed a button whenever he saw 
the light brighten. Hence, EPC for the 
verbal learning task was measured as RT 
to light signals. The fundamental hy- 
pothesis tested was that EPC should be an 
inverse function of learning trials; as the 
processing capacity consumed by the verbal 
learning task decreases as a result of learn- 


(erred to as expended processing capacity ing, more capacity will be available for the 
the ©) The measurement of EPC requires RT task and : RT ar tae 5d 
in des of a divided attention methodology programming light Spi iw n Us 
Supe S performs a primary task and presentation and the reca phases s 
that, ecd task concurrently. Assuming learning trials, it was possible to assess t " 
G 0th tasks compete for the limited processing loci of learning. lf learning is a 

phenomenon of input processing, then EPC 


“Pacity 3 
for, "e of the same central processor, per- 
“nce of the subsidiary task should 


during list study should decline across 


ing; 

late us ^ S. eed Le 
unm e how much of this capacity is con- trials; if learning is an output or retrieval 
Capac "Y the primary task. ‘The more phenomenon, then the decline in EPC 
Sey i should show up during recall. 


*Xpended on the primary task, the 
T " ) 
Thi. MEA 
20. chis rece. E 
0.0 ‘Gat Was supported by Grant OEG-8- 
“dication 78) from the United States Office of 
à “quests am 
» Johns for reprints should be sent to William 

Utah S Department of Psychology, University 
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EXPERIMENT I 
The first study employed a free-recall 
paradigm: Nine-word lists were learned for 
12 trials each, where a trial consisted of a list 
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presentation phase followed by a free-recall 
phase. Additional variables included list 
organization and signal intensity. List 
organization was manipulated both to 
assess the effect of that variable on EPC 
and to establish the generality of any 
learning effects on EPC. Signal intensity 
was varied for methodological reasons pri- 
marily—to determine if one level of signal 
intensity is more conducive than the other 
to the measurement of EPC. Finally, 
control conditions were implemented in 
which the primary and subsidiary tasks 
were performed separately. 


Method 


Subjects and design.—The Ss were 12 male under- 
graduates recruited from upper-division psychology 
courses. The Ss served for six 45-min. sessions at 
the rate of one session a day. Each S received $1.50 
per session plus incentive pay ; the latter was deter- 
mined by a system described below. 

The design entailed eight basic treatments: two 
RT-only conditions (low vs. high signal intensity), 
two verbal-only conditions (categorized vs, non- 
gorized lists), and four divided-attention or dual- 
conditions (the two levels of signal intensity 
factorially combined with the two levels of list 
organization). Phase (presentation vs. recall) and 
trials were manipulated in all verbal-only and dual- 
task conditions, and nominal analogs of these vari- 
ables were represented in the RT-only conditions. 

Tasks and apparatus.—The verbal-only task in- 
volved an aural presentation of the same nine words, 
in different orders, for 12 trials. The words were 
spoken in a male voice at the rate of one word every 
second, and each presentation of the list was followed 
by a 9-sec, free-recall period. The prerecorded word 
lists were played to S via a stereo tape recorder and 
headsets, and S's spoken free recall was tape re- 
corded. The presentation and recall phases of a 
trial were introduced by “ready start’ and “recall” 
commands, respectively. The entire sequence of 12 
trials was terminated by a "stop" command, and 
was about 252 sec, in duration. The RT-only task 
was temporally equivalent to the verbal-only task, 
but “phase: and "trials" were not demarcated for 
S. That is, upon a “ready start" command, 5 
merely monitored the stimulus light and detected 
signals until the "stop" command was issued some 
252 sec. later. Under dual-task conditions, 5 simply 
performed the verbal and RT tasks concurrently for 
252 sec. Each 252 segment of a task will 
henceforth be identified as a triul block. 

Ti onde s the apparatus are provided in 
preferred finger pue phe 1972}. M UAS 
eee os neti on the detection button, S 
mately eye level g E mounted at approxi- 

y . * standard brightness of the 
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light was 8 ftl s 
64 ftl. for low- and high 
tively. The 100-msec. ! 


rn 


neres 


al brightness was 32 and 
ntensity signals, respec- 
ise in brightness aP- 


peared subjectively as à barely detectable flicker tor 


low-intensity signals but 
high-intensity signals. 


programmed to occur at the c 
An electronic timer started in 
signal and. was stopped by 
failed to respond within 2 
himself and recorded a mi 

Procedure.—The first two sessions were C 
practice, and the last four to the 


General instructions and 


RT only and verbal only were provid 
ion consisted © 

at the beginning 
Only low sis! 
used 


on. The second s 
sk trial blocks bounded 
k. 


Uu 
by an RT-only trial bloc 


sity and noncategorized lists were 


practice. 


trial blocks: four dual ta 


verbal only. The eight trial blocks were a 
to each S in a unique random order. 


ch experimental session was € 


as a notice 


ss for 5. 


four tria 


was provided between successive 


each block was preceded 


task," "reaction. time only," or 


appropriate, List organi 
were held constant for a 


mental session. However, each 2 
represented once for mt. 
h session * 


trial bloc 


variables wi 
sessions, and three times 


Overall, each S performed four 


by the identi 

» "verbal 
ion and sigh! 
given 5 on 
combi 


p 


for eac 


cach of the eight basic treatments 


Pursuant to the rz 
of EPC, the instruc 


ons 


much of his attention as nec 
component of dual-task trials, and © 


over" attention to the 
with the second. practice 


ionale behii 


encour 


RT com 
session, 


were supplemented by a monetary 
Specifically, each S could earn @ 


incentive pay on each trial block. 
trial blocks, 80% of S's maximu 
(recall) P 


only 20% was bi 


course, 100% of S's max 
based on verbal performance Du 
on verbal-only and RT-only tr 


tively. Altogether, Ss earned 82 


maximum possible incen 


tive pays 


earnings from dual-task trial bloc 


by their verbal performa 
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randomly with the restr! 
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EXPENDED PROCESSING CAPACITY 


wes LUN words seat for the experimental lists 
category. T a sixth, and seventh words of each 
atore cei um hi word y used twice: once in à 
S fis rs once in à noncategorized list. 
3 words "m E E ategorized lists was comprised of the 
ment af som each of three categories. The assign- 
placeme a xories to lists was random without re- 
von Tent .OEach of the 12 noncategorized lists was 
mmprised of 1 word from each of nine categories. 
a — restrictions, the words were assigned 
jets ps without repla ment to the noncategor zed 
Were " welve different word-presentation orders 
© generated randomly for each list. 
ee programming- Thirty-six signals occurred 
is i trial block at the rate of one or two signals 
| each phase 
trial, 


, and 2 
Phase, Duri 4 A ‘ ng each 
gramm E Uring list presentation, signals were pro- 
done i i to occur directly after words. ] This was 
Word dida the intention of. measuring EPC while a 
the fou S undergoing advanced processin Over 
ment uiid Sueton: eft S experienced a given treat- 
staga , signal loci were equally represented in ev 
Bs of practice (set of. three consecutive trials, 
p ei IN that two signals occurred ina e 
third | f sR r was scored for only one signal. rend 
RTs ke all signals were dummy signals for w ihi 
iea not scored; they were included naa 
Signals 1 of lowering signal predictability- , = 
as Sy id which RTs were scored were aoe i 
Signal 1 ly as possible at all combinations of p hase, 
ment ¢ (uh and practice. The temporal arrange- 
Was i the signals in a trial block for one treatment 
Ment Rtched in a trial block for every other treat- 
» including RT-only treatments. However, this 

d onsistency in RT si s had no apparent 
act on performance: Overall RT performance 
iss ally constant across the four experimental 


Resu lts 


wi accuracy —The mean number of 
lunetic orrectly recalled was examined as a 
dition N of three variables: attention Con- 
Întengig Pal only, dual-task low signal 
Sit Y, and dual-task high signal inten- 
nay 9 organization, and trials. An 
lh of variance of these data dis- 

Ist organization, 7^ (1, 11) = 48.15. 
^ «Qiii trials, F (11, 121) = 107.08, 
i 1; and List Organization X Trials, 
' 121) = 4.41, p < .001, as the only 
me ie effects. Recall was a direct 
the of both list organization and trials, 
effect of list organization declined 
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across trials (as near perfect recall was ap- —— 
proached for both levels of organization). 
It is especially important to note that recall 
accuracy was not affected by attention 
condition: Recall was just as high under the 
dual-task conditions as under verbal only. 
The fact that the RT component of the 
dual-task conditions did not impair recall 
performance is a strong indication that the 
measures taken to induce 5 to emphasize 
the verbal component were successful. 

EPC.—Valse alarms were virtually non- 
existent, and the probability of a missed 
signal varied from .01 to .07 across the six 
basic treatments involving the RT task. 
The basic EPC measure computed for S 
was the median of the four RTs represent- 
ing a particular intersection of conditions. 
On the assumption that missed signals arise 
from extreme inattention to the RT task, 
they were counted as high RTs in the 
computation of medians. 

The primary analysis of EPC involved 
four variables: attention condition (RT 
only, dual-task categorized lists, and dual- 
task noncategorized lists), signal intensity, 
phase, and trials. All four main effects 
attained significance in an analysis of 
variance of these data: attention condition, 
F (2, 22) = 57.61, p < .001; signal inten- 
sity, F (1, 11) = 61.65, p < .001; phase, 
F (1, 11) = 18.90, p < .001; and trials 
F (11, 121) = 1.94, p < .05. As antici- 
pated, RT was an inverse function of both 
signal intensity and trials, greater under 
dual task than RT only, and greater during 
free recall than list presentation. 

While a. Newman-Keuls test applied to 
the main effect of attention condition 
revealed that mean RT was less in RT only 
than in either dual-task condition (p < .05), 
the two dual-task conditions were not sig- 
nificantly different. However, significant 
effects of list organization were uncovered 
in Newman-Keuls analyses of two inter- 
actions: the significant Attention Condi- 
tion X Phase interaction, F (2, 22) = 9.48, 
p < .001, and the nearly significant Atten- 
tion Condition X Signal Intensity X Phase 
interaction, F (2, 22) = 3.11, P < .10. The 
former analysis revealed that categorized 
lists required less EPC than noncategorized 
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lists during free recall, and the latter re- 
vealed an advantage of categorized lists 
even during list presentation when signal 
intensity was low. Hence, list organization 
enhanced information processing during 
both phases of a trial, but more so during 
recall than list presentation. 

The other interactions attaining sig- 
nificance were Signal Intensity X Phase, 
F (1,11) = 7.84, p < .05; Attention Condi- 
tion X Trials, / (22, 242) = 1.84, p < .05; 
and Phase X Trials, F (11, 121) = 2.76, 
b «.005. The first of these interactions 
was based on a greater effect of phase under 
low signal intensity than high, and the 
bases of the other two can be seen in Fig. 1. 
Specifically, the effect of trials was confined 
to the presentation phases of the dual-task 
conditions. 

By collapsing across trials, it was also 
possible to examine EPC as a function of 
signal locus, each EPC score being based on 
five or six RTs. An analysis of variance of 
these data disclosed the following signifi- 
cant effects involving signal locus: signal 
locus, F (8, 88) = 3.05, p < .005; Phase 
X Signal Locus, F (8, 88) = 2.31, p < .05; 
and Attention Condition X Phase X Signal 
Fal ae 176) = 1.71, p <.05. All 
hogar. wh nE a Hie ira 
sis of trials The e" obtained in the analy- 

: "ases of the signal locus 
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effects are depicted in Fig. + specifically 
RT was not affected by signal locus 1 e 
case of RT only, declined across loct on 
free recall, and was a U-shaped function s. 
loci during list presentation. Whereas we 
the linear component of the re ill func ^j 
F (1, 118) = 9.28, P i Me 
attained S187 
1 functions 


was significant, 
the quadratic component i 
nificance for the list presentato! 
F (1,118) = 15.10, p < .001. 


Discussion 


The decrease in EPC across signi i 
free recall undoubtedly was | ised we A aen 
sponding increase in the likelihooc rhea jle 
would terminate his recall attempt a nail 
to devote his full attention to the S 
The bowed function obtained for list : 
tion indicates that Ss tended to eae 
processing capacity to the ends of a affect 
to the middle. This serial position © apt 
EPC has been obtained before (Johnsto -pi 


;sibilitY 

; aif 08819, 
1972) and suggests the interesting ! 
sition 


ale 
ctio 
uncet! 


in free recall may be due in part ya E ring 15 
of attention paid to the words 2 ; 
presentation (Feigenbaum SSmo je res Us 
With respect to list organization. „thi 
indicate that organization influence? Howe? 
processing and output processing: 
the effect on input processing WË- 
obtaining only under low signal ee 
tendency for list organization te is 
more during free recall than during 
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1970) ^ corroborates prior results ( Martin, 
of list z parently, the well-established effect 
aiibi Non „of free-recall accuracy is 
Cites able primarily to the processing in- 
tred during retrieval. 
itu Drincipal objective of Exp. ] was to 
verbal 1 e the information-proc ing bases of 
forwards Ie Che results are straight- 
x s is BE C did decline over trials, but only 
Sioa ist presentation. Chis basic finding 
both te to have some generality as it held for 
levels jy of list. organization and for both 
possib] d signal intensity. However, two 
leadin s pog may render the finding mis- 
up in p "irst, the failure for learning to show 
tele ce of EPC during recall may have 
rote rom offsetting effect sa decline in the 
intema required. to retrieve each word 
Words racted by an increase in the number of 
Show retrieved. Second, the learning that did 
ipa = in terms of EPC during list presenta- 
o Seo have resulted from a tendency for $ 
Hence 4 ignore a list once it was jedruen. 
input or earning may not so much enhance 
Supe aa as to eliminate the need for m 
Macea t I sought to examine the effect o 
rem oe on EPC under conditions designed to 
Ove the possible artifacts in Exp. l- 


EXPERIMENT lI 


F B " . 
wis probed-recall learning task was used in 
‘Tow, S had to recall only one of six list 

ords on each trial. The target word 


e. . 
b Y: GOLF) on a given trial was probed for 
te category name (e.g., SPORT). he 


Act +H... 
ia] that S had to recall only one word per 
À the first 


Dogg; Piong have eliminated i Br 
fée artifact referred to above ME 
“ing to Exp. L Any decrease "m e 
Måske Word retrieval could not have been 
M by an increase in the number of 
Seong C rieved. In order to eliminate the 
Sior med E artifact in Exp. I, an intru- 
Study Utoring task was added to the 
Cally Phases of dual-task trials. Specifi- 
in addition to studying a list for 
*arning purposes, S had to monitor 
Mi PR to detect intrusions. An 
(s, othe as the replacement of a list word 
SE Gor *: Word from the same category 
u Slon.n replaced by BASKETBALL). The 
Ori, ""Onitoring task prohibited Sfrom 

a list once it was learned. 
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Method 


Subjects and design.— The Ss were 24 male under- 
graduates recruited from introductory psychology 
courses for extra credit and incentive pay. The basic 
design was implemented under dual-task conditions 
and was a Phase (presentation and recall) X Trials 
(1-18) X Serial Position. (1-6) factorial with re- 
peated measures on all factors. In addition, RT- 
only trials were included to establish a base line for 
sessing EPC on dual-task trials. 

Tasks and apparatus.—The verbal component of 
dual-task trials involved the aural presentation of 
six words for 18 trials; on six of the trials, one of the 
words was replaced by an intrusion. The words 
were presented at the rate of one word every 2 sec., 
and 3 sec. were allowed for probed recall. The 
presentation phase of a trial was introduced by 
"ready start," and the recall phase was demarcated 
by a brief click followed by the category probe. A 
category probe contained no more than three 
syllables and denoted the category to which the 
target word belonged. The entire sequence of 18 
trials was about 4 min. in duration. The RT com- 
ponent of dual-task trials consisted of low-intensity 
light signals calling for detection responses as in 
Exp. I. 

The apparatus was the same as for Exp. | except 
for the modifications required by the intrusion- 
detection task. An electronic timer started in 
coincidence with an intrusion and was stopped by 
S's detection response. An S detected intrusions by 
pushing a button with his left index finger and 
detected light signals by pushing a separate button 
with his right index finger. 

Procedure—Vhe Ss served for four 40-min, ses- 
sions at the rate of one session a day. The first 
session was devoted to practice on the RT task by 
itself, the verbal learning task (including intrusion 
monitoring) by itself, and then the two tasks con- 
currently. In addition, Ss were familiarized with 
the 36 category probes used in the experiment. The 
experiment proper was conducted on the last three 


sessions. 

Each experimental session consisted of a succes- 
sion of four dual-task trial blocks bounded at the 
beginning and end by a 2-min, segment of RT only. 
A different six-word list was learned on each trial 
block, yielding a total of 12 lists over the three ex- 
perimental sessions. The 12 lists were administered 
in four different orders, six Ss to an order. A 2-min. 
break was provided after the second list in each 
on, and 30-sec. breaks were provided after each 
of the other three lists as well as after the initial 


is again used to encourage 
ul component of dual-task 
in intrusion detections and recall 


trials, 
More- 


contributed equally to the incentive pay. 
over, in order to ensure a conservative base line for 
inferring EPC, no incentive pay was provided for 
RT-only performance. 

List construction and signal programming.— The 72 
words required for the experimental lists were the 


600: 


PROBED RECALL 


500: 


EPC(RT in msec.) 


400: 


1 RT ONLY BASELINE 


1 23 4 5 6 7 8 9 0 WH t 
TRIAL 


Fic. 3. Expended processing capacity (EPC) 
learning functions for list presentation and probed 
recall in Exp. II. 


sixth and seventh words from the 36 cateyories used 
in Exp. I. The words were assigned at random to 
the 12 lists with the restriction that the 2 words from 
the same category be assigned to different lists. The 
6 words of each list appeared in different orders 
across the 18 trials. Each word was replaced by an 
intrusion once, and the 72 intrusion words required 
were the second and third words of each category. 
So that S would be sufficiently familiar with a list to 
detect intrusions, intrusions never occurred on the 
first 4 trials (and S was so informed). The 6 trials 
containing the intrusions were assigned to Trials 
5-18 at random with the restrictions that no more 
than 2 intrusion trials occur in a row and intrusion 
trials be assigned as evenly as possible to the 14 
permissible trial slots across the 12 lists. 

The RT signals occurred at varying intersignal 
intervals which averaged approximately 6 sec. From 
one to three signals occurred during each presenta- 
tion trial, and one occurred on two-thirds of the 
probed-recall intervals in a trial block. Half of the 
signals were dummy signals serving signal ex- 
pectancy purposes, and half were critical signals for 
which RTs were measured. Critical signals occurred 
directly after list words or category probes 
dummy signals occurred at later positions rel 
words and probes. 

The precise composition of each dual-task trial was 
constrained by counterbalancing procedures too nu- 
merous to specify. Suffice it to say that every effort 
was made to control all relevant factors, such the 
serial position containing the target word on a given 
trial, the serial positions accompanied by critical and 
dummy RT signals, the specific list words serving as 
ba Ri ae Nice Y be net result „was that each 
aeia PEST eim position and trial (discounting 
Eu me was represented by two critical RT 

ase of list presentation, and one 


» While 
ative to 
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critical signal in the case of probed recall. b e 
sion trials there was no overlap in the wor Ae by 
for, accompanied by RT signals, and ree et a 
intrusions. The main analyses were com ge 12 
the data for the 12 nonintrusion trials. noe t 
trials are distinguished on an ordin bo be 
across the 12 lists, nonintrusion trials wert 
sented in all 18 trial positions. 


Results 


1 
—Reci accuracy 
Verbal performance. Recall ac 


» ct on 
was high from the start: 80% gore. al 
Trial 1 and 96% by Trial 4. Wr Ss, 
latency was determined for eight a clining 
averaging 1,180 msec. overall, and “the 
from 1,406 to 1,103 msec. across © 
nonintrusion trials, / (11, _ AU chieved 
p «.001. The latency function aC. ; 
asymptote by about the fifth trial. 
intrusion-detection accuracy was 2 erage 
the latency of these detections e. ing 
814 msec. Hence, the intrusion-MOM ^ pay 
requirement apparently did force 
attention to list presentation 
learning. are 2^ 

EPC. False alarms were again P yer 
only around 6% of the RT sis! ere CON, 
missed. The analyses of EPC y nonintf! 
fined to critical RTs from the be assi i 
sion trials A missed signal ded by an 
the value of the longest RT yiel erechi 


` 24 Ss at particular 1^7. |. 
of the 24 Ss for that partic i position. all 
' 


F ina! 


order to exclude extremely ! 
RTs were restricted to a m ' jor" 
999 msec, Mean RTs were “conta 
558 msec. for RT only, list | Thus” a 
and probed recall, respectiven requi jo 
list study and probed reca Nn ;reat 
cessing capacity, and EPC we? 7 
recall than for list study. 
Each S yielded two RI 
bination of nonintrusion 
position during list presen 
mean of these two RTs was” 
analysis. All three experimen an? 
variance attained significance 523) ^ 5/1 
of variance: trials, / d » 415) ie 
p < .001 ; serial position, o i qe * 
b < .005; and Trials 005-. rin, 
F (55, 1265) = 1.58, P € "pc d" i 
of trials is shown in Fig. 3+ 


s for 
teal 9^. 
tation ic 
the ba 


ria = 


4 i Across 
presentation declined acr k 
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1ng asymptote at about Trial 4. The serial 
Position effect was much like that found in 
Xp. I, only more attenuated. The inter- 
A was based on an erratic tendency for 
Us effect to hold more for some serial 
positions than others. For some inex- 
Plicable reason, the effect of trials was 
absent at Serial Position 4, but yet was 
evident at all other positions. 
, Each S yielded only one RT for each 
Combination of trials and serial (target) 
ty atton at probed recall. Only trials, 
(11, 253) = 8.04, p < .001, and Trials 
X Serial Position, F , 1,265) = 2.6 
P < .001, attained significance in an analy- 
evi variance. The effect of trials is 
evident in Fig. 3: EPC during probed recall 
eclined across nonintrusion trials. Except 


0 m ; pes T 
"n the aberrant jump in EPC on Trial 8, 
'S decline was quite systematic. The 


decline was robust as well, holding up across 
. Serial positions. The only discernible 
fear of the interaction was that EPC 
ded to be an inverted U-shaped function 
val position until around Trial 5, at 
ich point the function flattened out. 


Discussion 


att results indicate that the absence. of a 
was 18 effect on EPC during recall in E 

ue to opposing factors: a decrease in 
‘ord recalled, masked by an increase in the 
was oe of words recalled. The latter factor 
did « ‘trolled in Exp. II, and a learning effect 
Parente 8t in terms of EPC at recall. a 
Accessipi information becomes relatively us 
th "le to recall as learning progresses. On 
Other hand, the results suggest that the 
QUA of à learning effect on E PC during list 
the | ĉUon in Exp. I was genuine. Despite 
during 'usion-monitoring requirement, EPC 
the gf lig study remained uniformly low from 
the q th nonintrusion trial on in Exp. I. If 


When att Should have returned to Trial 1 level 
attent : h 

vite sion, ign to input was required by the 

er} “Monitoring task on Trial 5. Hence, 


n arning appears to be a phenomenon of 
Processing and output processing. 


Th GENERAL DISCUSSION 

864. Dring: 
afeh waleipal Objective of the present re- 

aS to explore verbal learning in terms 
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of ease of information processing. Viewed 
collectively, the data indicate that practice 
does reduce EPC, both during list study and 
word recall. List study may be conceptualized 
as comprising the retrieval (for perceptual 
purposes) and manipulation of the memory 
representations of list words. The retrieval 
aspect of list study is probably trivial owing to 
the powerful retrieval cues afforded by the 
words themselves. Hence, the effect of practice 
on input processing likely was realized in 
the manipulation of perceptual information. 
Learning apparently yields a reduction in the 
processing devoted to rehearsing, elaborating, 
organizing, and otherwise systematically en- 
coding list information. 

Recall may be conceptualized as comprising 
the retrieval of the stored representations of list 
words and the transformation of these repre- 
sentations into overt recall. The retrieval 
aspect of recall is probably nontrivial owing to 
relatively ineffective retrieval cues and is likely 
the main locus of the practice effect. Practice 
may reduce EPC at word recall by enhancing 
the accessibility of list information in storage. 
Just how practice enhances information ac- 
cessibility is open for speculation. It is tempt- 
ing to attribute the effects of practice on both 
list study and word recall to list organization 
processes. However, the tendency for practice 
and list organization to have independent 
effects on EPC in Exp. I mitigates this inter- 
pretation, While learning and organizational 
proce may be intertwined in some cases 
(Tulving, 1968), they apparently were inde- 
pendent in the present work. 

In line with numerous other experiments, 
EPC was consistently higher during recall than 
during list presentation (Johnston et al., 1970; 
Johnston et al., 1972; Martin, 1970; Trumbo & 
Milone, 1971). Apparently, the processing 
incurred during recall in standard verbal learn- 
ing and memory tasks is more demanding than 
the processing incurred during list study. 
While this relationship may hold for standard 
tasks, it should be potentially reversible by 
using tasks which place relatively heavier 
demands on input processing. Finally, relative 
to the RT-only base lines, EPC at recall was 
substantially higher in Exp. II than in Exp. I. 
This difference undoubtedly reflects the change 
from a free-recall procedure in Exp. I to a 
probed-recall procedure in Exp. II. The 
notion that EPC is a direct function of the 
degree of restriction placed on recall (e.g., free 
vs. probed) has both intuitive appeal and 
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empirical support (Johnston et al, 1970, Exp. 


III and IV). 
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MOVEMEN'T VELOCITY AND MOVEMENT TIME AS DETERMINERS 
OF DEGREE OF PREPROGRAMMING 
IN SIMPLE MOVEMENTS 


RICHARD A. SCHMIDT! axb DAVID G. RUSSELL 


Department of Physical Education, University of Michigan 


Twelve Ss performed a timing task involving a striking movement in order to 
estimate the degree of feedback control in discrete movements. The Ss were 
pretrained to make 22.8- or 49.5-cm. movements in exactly 150 or 750 msec., 


and Ss used this movement later in the timing task. 
ign (Movement Time [MT] X Movement Distance) was used, 


measures des; 


A 2X2 repeated- 


and the index of preprogramming (IP) was used to assess the degree of feedback 


involvement. 


Reducing the MT from 750 to 150 msec. nearly doubled the 


IP implying greatly reduced feedback control in the 150-msec. movement, but 
doubling the movement velocity by lengthening the movement distance (MT 


constant) had no effect on the IP. 


This supported the notion that lack of 


feedback involvement in movement of short duration (c.g, 150 msec.) is due 
to a temporal limitation in feedback processing, and that even very slow re- 
sponses with 150-msec. M Ts may be highly preprogrammed. 


Recently there has been considerable 
lop St (e.., Keele, 1968; Schmidt, 1969, 
and o »3 understanding the development 
fineq Peration of the “motor program" de- 
Command Keele as a sequence of stored 
Mover S that is "structured before the 
tienge s begins and allows the entire 
Deripi n to be carried out uninfluenced by 
fop eral feedback [p. 387]." Support 
bageq © Motion of the motor program is 
1 medi the inability of feedback con- 
tion anisms to account for the execu- 


Se 


Varie, COMtrolled movement in a wide 
Kogay 9 Situations, For example, Lashley 
laup "Sing a deafferented human and 
flog, *"d Berman (1968) and Wilson 
loe using deafferented monkeys and 
"oven: respectively, found that patterned 


Mene ertt could be performed in the ab- 
ditior Peripheral feedback control. dn 
TS is on da the feedback processing 
Stig (Che 1€ order of 120 msec. for kines- 
(Keele & Posner, 1968) 
fave the fact that Ss can easily 
Fes Y out, and terminate a rapid 
~ly c Ponse within 100 msec. seems 
i Jat the instructions to stop the 


o, a 


ly, Sop ests f ux : 

tig, OF reprints should be sent to Richard 
TG Meet tment of Physical Education, 
ign te, University of Michigan, Ann 
gan 48104 


315 


movement must be structured prior to the 
beginning of the movement. 

The recent concern for the motor pro- 
gram has naturally led to a search for the 
laws which determine how it is acquired 
and which govern its operation. One con- 
sistent conclusion depends upon the long 
delays in processing feedback and states 
that the length of the movement time (MT) 
for the response would be a major deter- 
miner of the degree of programming. Evi- 
dence for this view has come from findings 
that movement cannot be interrupted 
until it had run its course for approximately 
200 msec. (Henry, 1960; Henry & Harrison, 
1961), and that longer movements enable 
feedback to provide a basis for movement 
control (e.g., Ellis, Schmidt, & Wade, 1968). 
Therefore, it seems fairly certain that MT is 
critical in determining the degree to which 
movement is preprogrammed. 

Schmidt (1969, 1972) has studied other 
variables which determine the extent of 
movement programming using the index of 
preprogramming (IP). Faster movement 
speed (distance held constant), shorter 
movement distance, and higher inertial 
loading all increased the IP, implying de- 
creased reliance upon feedback and in- 
creased dependence upon the motor pro- 
gram control. However, the above manip- 
ulation of speed, distance, and inertial 
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load are all confounded with MT. For 
example, increasing the movement speed 
(movement distance held constant) de- 
creased the MT, and one cannot be sure 
that the speed effects on the IP were due 
to movement speed per se or to the second- 
ary effects on MT; the same can be said of 
movement distance and load. While Henry 
(1960; Henry & Harrison, 1961) has sug- 
gested that a movement must be made at 
maximal speed in order to be programmed 
and that decreased movement velocity 
would result in increased utilization of 
feedback, there is no theoretical reason 
why this must beso. In fact, it is possible 
that the only variable which determines 
programming is MT, and that a very slow 
150-msec. response is as free of feedback 
control as a fast 150-msec. response. The 
present investigation tested this hypothesis 
by manipulating movement distance (MT 
held constant) to vary movement velocity, 
with the degree of preprogramming in the 
movements measured by the IP as de- 
scribed by Schmidt (1972). 


METHOD 


Subjects.— he Ss were 12 (8 male and 4 female) 
right-handed undergraduate and graduate student 
volunteers from University of Michigan. They were 
not paid for their servic 
purposes of the study. 


Apparatus.—A microswitch (S switch) and a 
hinged Masonite target (10 cm. square) were 
mounted on the top of a large wooden table. The 
S switch and target were mounted along a line 
parallel to and 9 cm. from the edge of the table, 
perpendicular to the direction the seated S was 
facing, the S switch on the right and target on S's 
left. The location of the S switch was fixed, but 
the target could be moved to vary the § switch- 
target distance. With the target in the vertical 
position, a set of contact points was 
the operation of a toggle switch (E 
started two .O1-sec. timers 
de clutch, 1-sec. sweep). 


, and all were naive to the 


"closed," and 
switch) by E 
(Standard Type S-1, 6-v. 
One of the timers (S clock) 
was placed upon the table in S's full view, the other 
(E clock) being visible only to E. 
the target to S's left "opened" 
both clocks stopped. 

Vertical and S switch h 
eee nena started a 
could be stopped by 
MT clock eid ba 


Task.—With S's right hand de 
Switch, E operated the E sw 
5 clocks, The S's task w 


Knocking over 
the contacts and 
In addition, with the target 
eld down ("open"), releasing 
third clock (MT clock) which 
knocking over the target. The 
seen only by E. 


a pressing the .S 
itch to start the E and 


as to move from the 
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S switch to knock over the target at the mome 
that the S (and E) clock reached ex: ctly MT of 
(vertical), and . was to do this with an i eod 
either 150 or 750 msec., depending upon th cking 
ditions under which he was practicing. KT 
over the target stopped both the E and oe Sal 
and enabled S to see the error in his "iit the 
The major task was to move in such way CIE le 
S clock hand stopped exactly at the 2.00-se phe 
Design.— The. design was a 1x2 arrange t 
with the variables being movement diapa usec.)- 
22.8 or 49.5 cm.) and MT (either 150 or /* ds ‘level 
Varying the movement distance for a BIY 


sev. an 
am SNR velocity fo 
of MT manipulated the movement v velocity 


EX. 


The 12 5s were used in all 4 treatment d 
tions, with the order of treatments pitt 
a 4X4 Latin square. The Ss were eer 
random to a row of the square with the res 
that each row have 3 Ss. 

Procedure, —MHolding the 
750 msec. required that pretraining be inni 
order that Ss learn the appropriate up 
each of the four MT-distance pa mod 
part of each testing session, S practice : 
in which he was to learn to move t i 
distance in the MT. assigned for that m dt 
edge of results about MT (in cw id 
provided after each trial. ‘The 5 c 
operate on pretraining trials. —— [ these 

Following successful completion 9f" main t 
instructions were given concerning “harriet Y 
which required S to knock over the, clock 
the just-learned MT so that the | ; the st ore 
stopped at 2.00 see. Accuracy in timing being NN 
of the barrier we ized as Ci rect | 


„tri 


clearly emphas 
important than moving with a preci T" 
but the latter was described as being a 
well. The Ss were instructed to try t° 
responses in progress if they coult 
the target at the correct instant. + 
that 5| understood the instructions j 
additional M'T-alone trials, an 


| so aï 


p Ne, £0) 1 2. een. erro! 
provided. The S received his ar 
from viewing the S clock, oe 5 
; ; : 3 i 
attending primarily to the tms, ,, 


response, he called out either ie Bt 


“too late” after each trial. A A 
MTs on the MT clock and warn 50 Nu y 
was outside of limits set a priori, ji a out yut, 
750 + 100 msec.), and informati Y fell iat 4 i 
provided only in cases where the à artic! amit 
these limits. The testing for cach uae af 
distance pair was completed 0" endi d P 
was repeated for a total of 4 daY* E 
ent MT-distance combination- ore f° ai 4 


Two scores 
Measures recorded. —Two SCO” 
each trial. Algebraic error qs jarge 
with respect to sign between i 


u 


"oe 
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Sec, a s . " 
The ee time taken from the £ clock. 
via the 5 Fen bo mes to the same information 
clock and was A MT was recorded from the MT 
until § struck s hj time from movement initiation 
Starting time (ST Darrier. A third measure termed 
Deriod ST) was the instant in the 2.00-sec. 
lated | and was calcu- 
The cor- 


ati rn inis 
Over tee ene ST and AE computed within Ss 
IPL The PM trials (transformed to Z’) was the 
is that jp uttionale for the IP (see Schmidt, 1972) 
(feedback a movement is totally preprogrammed 
HO effect Br ised during the movement having 
finishing the that movement), then the time of 
Correlated S response (the AE) should be highly 
feed ack. vith the time it started (the ST). A 
shon] controlled response, on the other hand, 
While į oe feedback to adjust the response 
ed e: and the AE ST correlation 
" addit. the feedback involvement in- 
» the TP 2m to these logical grounds for 
the XPcrimen tal BARES predictably as d function 
[e Egr icm variables. which should. influence 
and e the Pope Increasing the MT should 
195, Ould lead available for feedback processing, 
Slow. fund that © decreased I Schmidt (1969, 

SE Or bie ans increased MT ated by moving 
Mo P as predi nce decreased 
in vein "nt dios s: Also, inertial loading on the 

Ss ild permit less effective adjustments 
feedback relative to unloaded move- 


ce progr 


incre.’ nd Ses, 
Case Sel s E 
fac, “Sd load; midt (1969, 1972) has found that 
skoy that tan increased the IP. This, plus the 
eff, CSS of the Sy Hous known to change the 
hag 9n the Tp and AE distributions have no 
Myo Sonable wig evidence that the IP 
nt, alidity as a measure of feedback 
qi Moo lREscLTS 
4 eme " 
Ve i tent times =A , = 
Y Table 12. we obtained MTs are 


as a function of movement 


TABLE 1 

NT ‘Times (MSEC.) AND 
rur, Four TREATMENT 
TIONS 


Instructed MT onsec.) 


Qs 750 
143 ; "2A 
690 416 
dos (159) (33) (96) 
| 149 | T 
700 424 
| G3 (71) (201) 
| 146 = 
| 695 420 
2 ; 2 
OO R45) | (8S) | (48 
Riv, moy, ——— 
EM er times; movement speeds in 


eses 


aa 
TABLE 2 


MEAN ABSOLUTE AND ALGEBRAIC ERROR UNDER 
THE Four l'REATMENT COMBINATIONS 


o (IN MSEC.) 
Movement | | i 
distance 150 
(em.) | 
28 50.8 E 
or | (+314) | (+ 
OK | 48.2 5 
Ws (+27.6) | (+42 
d 19.5 


- 
E 
to 4 
a) 
e 


No Algebr errors are given in parentheses, 
responses are positive algebraic errors, 


Late 


distance and instructed MT. The desired 
MTs of 150 and 750 msec. were nearly 
maintained in the timing task, with the 
mean obtained MTs being 146 msec. for 
the fast response and 695 msec. for the 
slow response, these differences being 
highly significant in a repeated-measures 
MT X Distance ANOVA, F (1, 11) = 
176.0, p < .001. There was a tendency 
for the short distances to produce some- 
what shorter MTs, but these diflerences 
were not significant, F (1, 11) = .€ 

05. The MT x Distanos eld shed 
not significant, / (1, 11) = .3, p> 05. 
I herefore, Ss apparently were able to move 
with approximately the desired MT, even 
though the MTs were slightly shorter than 
the a priori values set. 

Response accuracy.—The accuracy of re- 
sponding at 2.00 sec. in the task under the 
various conditions of distance and MT was 
evaluated by absolute and algebraic errors, 


and is presented in Table 2. With respect 
to algebraic errors, responding under ttre 


150-msec. condition produced more late 
sponding under the 750- 


d this difference was 
= 6.3, p < .05. How- 
the distance effects were very small 
e not significant, F (A, 11) = 1, 
The MT X Distance interaction 
nificance as well, F (1, 11) = -7, 


responding than re 
msec. condition, an 
significant, F (1, 11) 
ever, 
and wer 
p > 05. 
failed sig 
p> .05. 

With respe! 
a tendency fo 
greater inaccuracy 


ct to absolute errors, there 
was r slower responding to 
produce for both the 
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TABLE 3 


:s OF PREPROGRAMMING AND Z’ TRANS- 
FORMATIONS OF MOVEMENT Time (MT)-SrART- 
tnc Tıme (ST) Cor ATIONS UNDER THE 
Four TREATMENT COMBINATIONS 


MEAN INDEX 


Instructed MT (msec.) | 


Movement | N 
distance -— — — 
bond 150 | 750 
1.270 .615 973 
20328 (1696) | C102) (699) 
M « | rsio 646 | 1.078 
49.5 (563) | (862) | (713) 
| | 
z 1.389 600 | 
2 (62) | (8% | 
| 


Note.—Z' transformations of MT-ST correlations are given 
in parenthe: 


short and long distances, but the difference 
was not significant, / (1, 11) = 1.5, p > 
.05. Increasing the movement distance 
produced somewhat greater accuracy, but 
the differences were not significant, F (1, 11) 
= 1.6, p > .05. Not surprisingly, the MT 
X Distance interaction failed to reach sig- 
nificance, F (1, 11) = .01, p > .05. 

Index of preprogramming.—The mean IPs 
are presented in Table 3. Decreasing the 
MT from instructed values of 750 to 150 
msec. more than doubled the IP from Z’ 
= .66 to 1.39, indicating that the short MT 
prevented the use of feedback and required 
the response to be programmed to a greater 
extent. This difference was significant 
in a repeated-measures MT X Distance 
ANOVA, F (1,11) = 13.6, p < .01. How- 
ever, more than doubling the movement 
velocity (Table 1) by holding MT constant 
and increasing movement distance had the 
effect of increasing the IP slightly for 150- 
msec. movements and decreasing it slightly 
for the 750-msec. movements. These dis- 
tance effects were quite small, however, 
and were not statistically significant, /^ 
(1, 11) = 1.2, p> .05. The MT X Dise 
tance interaction also failed significance, F 
(4, 11) = 2.9, p» .05. These findings 
supported the hypothesis that MT would 
be the only important variable in program- 
ming, as holding MT constant and varying 
velocity by lengthening distance failed to 
Produce reliable effects on the IP. 
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However, the within-S standard devia- | 
tion of the MTs more than doubled as n 
instructed MT increased from 150 to 15 
msec., and it was possible that the ge 
creased IP with increasing MT could vw | 
been caused by a spurious depressing efte | 

| 


of the elevated MT variability. AM 

argument can be countered in two € 

First, increased variability in MT, iid nt | 
"noise" factors entering as the muoveme 

progressed, should lead to increased FO 

bility of AEs; this did not occur 1M ene 

present data as evidenced by the nearly pest 

stant absolute errors over the two M | 
ment times (Table 2). Second, ! , t0 
increase in MT variability were dom 
random "noise" factors, then the Gann 
error component should not be joe 
with other events in the trial. aia 
Table 3 shows that the MT is assot 

with the ST to an increasing extent 5 the 
MT increases, which is coni we 
expectation if the increased variabr “tik 
due to random "noise." A mor? 
explanation is that the Lage pgs 
ments consisted of a programme st 
while the 750-msec. movement eame feed- 
a programmed initial segment plus 5. iti 
back-based correction. Since [ea he 
of these components should be addit! Y 
result would be the increased 
bility shown. Alternatively, 
MT could be seen as reflecting 


k roduce 
number of ways S has to p af 


[7 
e 

[1 
= 


sponse when the MT is long. al i 
; sereas 

the hypothesis that the decre 

function of increasing. M1 


"noise" which degraded the : 
able. 


d p 
3C 
was cl iy 


lation (the IP) seems unten 


DISCUSSION 


In studies of motor progral 
earlier by Schmidt (1969. 
movement speed, deer asing, load ©. 
tance, and increasing the inert. and n n 
ment tended to shorten the ^. N 
the IP. The finding that IPs 
ever the MT decreased sus in d€ el og 
may be a powerful variable , ven qot. 


F fO us 
. acie inv" ap d 
the potential for feedback as YO ad, 
| aos ation WE pet 
movement. Thisinterpreta of 9l 


: ations 
however, as the manipulati 


DE" 


ERMIN 


mae = Jun were confounded with MT, 
lattor ie have been possible for any of these 
en ve responsible for the changes in the 
oe The present study, therefore, 
The : ravel the effects of these variables. 
Sa ge findings showed that MT 
determi ts the most important variable in 
A Tum the IP. as decreasing the obtained 
antes S fimm 095 to 146 msec. more than 
determin a IP, implying that the strongly 
and ihat & the AE in the 150-msee. 1 onse, 
creber die w free to adjust the 750-msec. 
On the ee once they were under way. 
Movement nee hand, more than. doubling the 
ment LEM MN lengthening the move- 
no reliable ce holding M'T constant) produced 
the Rr aas effects on the IP, suggesting that 
city of e was unim- 
Portant in ( 
Contro] of 
the y 
H 


at 


movement per 
letermining the degree of feedback 
fase , movement, This was contrary to 
m n "et by Henry (1960; Henry & 
ast ; 61) that a response must be made 
rammed i ined in order that it be pro- 
Or à giy : ue present findings suggested lat 
Very e n MT. av i slow movement a id a 
Noveme Movement (with, naturally, differing 
Programm distances) should be equally pre- 
Umber med. As human Ss make a great 
Such of slow responses in numerous ta 
findings tacking, striking, etc. the pr 
Even if ported the idea that such responses, 
Performed | at maximal speed, are probably 
lease ites under programmed control for at 
The = periods of time (e.g., 150 msec.). 
timin ndings concerning the measures of 
tom 5, Accuracy were considerably different 
those found earlier (Schmidt, 1969). 
easing the MT increased absolute 
ere unlo; ially when the movements 
lat; wa. aded, The interpretation of those 
Inter T that a shorter MT required a shorter 
qe mo ‘at time to be estimated in. planning 
Schmp "ent. Since it has been found (see 


us nt 


. mi 1 

ti; Midt, 3 
pon of il 1968) that the accuracy of predic- 
Nereag € end of an interval decreases with 


ba casing 
ay, re upi terval lengths, Ss were thought to 
Boo, when aoa about the MT and therefore 
Uncen Se le © begin the movement (the ST). 
"tainty ai ents were programmed, 
of de. à respon ZH the ST created error 1n the 
"n th "eased nse, Although there was a hint 
© p. Sbsolute error with decreased MT 
Sh the differences were quite 
the hat ie E significant, While it is 
er} "athe, " a lack of significance Was due 
Mey, Mall sample size in the pr sent 
* {nother explanation is suggested. 
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In the earlier article (Schmidt, 1969), the dis- 
play was a small moving target. Since in- 
creasing the MT required S to initiate the 
movement when the target was more distant, 
the greater distance and the resultant de- 
creased visual angle for a given amount of 
target movement may have resulted in a 
poorer basis about when S should begin the 
movement with respect to the target location. 
However in the present study, an earlier ST 
was not associated with poorer discrimination 
of target location, since the “target” was the 
hand on the clock face. Thus it could be that, 
in the earlier study (Schmidt, 1968), increas- 
ing error associated with longer MTs was con- 
founded with visual discrimination of the 
target's location, and this effect disappeared 
in the present study when visual discrimina- 
tion was held constant across MTs. The 
present finding of more late AEs when MT 
was shortened. was not found by Schmidt 
(1969), and the reasons for this unexpected 
finding are not clear at present. 

The present findings suggested that motor 
programs may be used extensively when MTs 
are short, and that the inability of Ss to use 
feedback to control. movement is due chiefly 
to a temporal limitation in Ss' ability to 
process peripheral information. While it may 
be true that MT is the only variable which 
determines S's ability to use feedback in move- 
ments, it may also be that other variables 
such as movement complexity and practice are 


superimposed on MT. 
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EFFECT OF SLEEP ON MEMORY: 


IH. CONTROLLING FOR 7 


TERRY R. BARRETT axo 


TIME-OF-DAY EFFECTS ! 


BRUCE R. EK! 


TRAND? 


University of Colorado 


Retention of a paired- 
all learned and recalled 
always defined from 2:50 a.m. to 6:50 
the interval, one group experienced sle 
Stage IV sleep and low amounts of REM 


sleep characterized by low amounts of Stage IV and high 


"The results demonstrated that memory 
memory over a waking interval. Of the 
high REM sleep interval was inferior 
interval. These two effects cannot be 


rhythm effect on memory. Implications of the results for underst 


associate list was compared in three groups of Ss who 
the same time of day (the retention interval was 


a.m.). One group was awake during 
ep characterized by high amounts of 
sleep, and the third group experienced 
amounts of REM. 
over a sleep interval was superior to 
two sleep intervals, retention over the 
to retention over the high Stage IV 
explained as artifacts of a circadian 
anding the 


effects of sleep on memory were discussed. 


Pe see the cornerstone phenomena of the 
“sleep a theory of forgetting is the 
Tetentio ect. Subjects who sleep during a 
Who ar n interval remember more than Ss 
Jalen ake (Ekstrand, 1967 ; Jenkins & 
ordin UM 1924; vanOrmer, 1932). Ac- 
Preven D the interference theory, sleep 
he me interpolated learning (IL) during 
decre; ention interval which results in à 
ase In retroactive inhibition (RI); i.e., 
is better recall. Awake Ss are, of 
a » Presumably engaging in significant 
nificant. of IL and thus suffer from sig- 
amounts of RI; i.e., they remember 
Man the sleeping Ss. 
or he atly, this interference interpretation 
Yarash P effect has been challenged by 
"hese 1, Sullivan, and Ekstrand (1971). 
“tent investigators demonstrated that 
Sleep, t Over the first 4 hr. of a night's 
Was superior to retention over the 
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second 4 hr. which was not superior to an 
awake condition. In terms of the physio- 
logically defined sleep stages (Rechtschaffen 
& Kales, 1968), the first half of the night 
contains most of the Stage IV sleep and 
very little REM sleep whereas the second 
half contains most of the REM sleep and 
very little Stage IV sleep. The Yaroush 
et al. (1971) data thus strongly suggest 
the possibility that Stage IV sleep facilitates 
memory or that Stage REM interferes with 
memory, or both. Both the first-half and 
second-half Ss are sleeping during the 
retention interval so the differential sleep 
effect is difficult to explain in terms of an 
interference theory of the sleep effect, un- 
less one wishes to postulate that dreaming 
(as defined by REM sleep) results in IL. 

To our knowledge, all of the sleep studies 
that have been done, including the Yaroush 
t al. (1971) experiment, have confounded 
the sleep-awake variable with time of day. 
For obvious reasons of convenience, the 
ays been run at night, 
ght and recalling 


e 


sleep Ss have alw 
typically learning late at ni 
first thing in the morning. The awake Ss 
have always been run in the daytime, 
earning in the morning and re- 
the afternoon. In the 
(1971) experiment, the 
the first-half condi- 


typically learn: 
calling later 1n 
Yaroush et al. 
retention interval for s 
tion was defined from approximately 11:00 
until 3:00 a.m. and from approxi- 


„m. 
3:00 a.m. until 7:00 a.m. for the 


mately 


second-half condition. The awake condi- 
tion was run during regular, daytime hours. 
One additional reason for running the 
awake Ss during the daytime stems from 
a consideration of the interference theory. 
Forgetting in these Ss is presumably due to 
extraexperimental IL which Ss accomplish 
during the retention interval. The Ss 
learn the original task (OL) and then are 
released from the laboratory to carry on 
their normal activities. If one were to 
run the awake Ss at night at the same time 
as the sleep Ss, he would not have a 
"normal" time period for extraexperi- 
mental learning. Another tact would be to 
attempt to run the sleep Ss during the 
daytime at the same time as the awake Ss. 
This, however, would probably result in 
an abnormal sleep pattern. Such 
cedure would mean that Ss were 
naps instead of normal sleep, or would 
require prior sleep deprivation to insure 
that Ss could sleep easily during the day- 
time. Alternatively, one could use night- 
shift workers who normally sleep during the 
daytime. 

Considering all the difficulties that one 
would encounter if he attempted to con- 
trol for time-of-day effects, it is no wonder 
that no one has done so. Typically, there 
have been no differences in the speed of OL 
at the various times when Ss are run and so 
the investigators have argued their way 
around the confounding by saying there are 
no time-of-day effects. The main crit- 
icism of this approach is that a gross mea- 
sure such as trials to criterion may not be 
sensitive to time-of-day effects whereas the 
presumably more sensitive dependent vari- 


able of recall may in fact be influenced by 
time of day. 


a pro- 
taking 


It is our feeling that in view of the 
importance of the sleep experiments for 
developing a general theory of memory, 
it 1$ necessary to determine whether or not 
the sleep effects that have been demon- 
strated might possibly be artifacts of time 
of day. This is particularly true in view 
of the great interest presently being shown 
in circadian rhythms and othe 
thythms (see Luce, 1970). 
little doubt that these r 


r biological 
"There is 
hythms influence a 
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wide variety of behaviors, and as such, 
there is reason to believe that the sleep 
effects already mentioned may have been 
influenced by the effects of these rhythms. 
The purpose of the present experiment, 
therefore, was to compare forgetung iis 
intervals of sleep with forgetting over ed 
tervals of wakefulness, when the intera? 
for both conditions occurred at the 2 
time during the day. We also aui 
the retention of two different. sleep ey n 
tions, one with high Stage IV sleep me EM 
REM sleep and the other with high i mutt 
sleep and low Stage IV sleep, both 

at the same time of day. 


METHOD 


ditioni 


H H p " rec COL 
Design and subjects.—lhere were three € 


in the experiment, first half. (Cond. E. 
(Cond. S), and awake (Cond. A). T ANA. 
interval in all three conditions was desig | 


and 6:50 am. For Ss in Cond. à 
represented the first half of a nights siepe. i 
it was the second half of a night's sleep 
Cond. S. In Cond. A, Ss were awake 
interval. Each 5 learned a paired fred! 
consisting of 15 unrelated. pairs of hig "n d 
words and was tested for recall of the list : 
There were 10 Ss in each of the 
The Ss were volunteers from 1 
chology classes at the University 
serving to fulfill a course requirement je ee 
volunteered to spend 1 night sleeps ome set. 
atory, after being told they might lose gerve in e 
Each 5 was then randomly assigned Uo? 
of the three conditions. | 
Procedure. ‘The learning and KAA Ea ot 
were identical in all three conditi meth d ont 
learned one PA list by the study-test uses pot 
criterion of 10 out of 15 correct 5 
trial, The presentation rate was < itertria on 
study and test portions and the E rricd out 
was also 2 sec. Learning was ca rando 
Stowe memory drum. Six different T es 
(three study and three test) of the vip e 
prevent serial learning. -Miter Cet i 
cach S was read a set of antirehear™ 
Four hours later Ss were tested E 
In order to make sure that all Sie 
at the time of learning and Bee Mi 
quired to. perform a mirror od recal jov e 
before learning and again just De i hand for det i 
traced one star with his preferrec nd: 
one star with his nonpreferred ħa Í 
task was used in all conditio? , 
recall, following the mirror-trac m 
two consecutive paced test iri an unf" 
learned. This was followed by 


thi 
list 


"m i 
roce § 
recall pres e 


respo! 
sec. 


d ie Ee a sheet of paper listing all the 
recall 2 SMS s and was given unli hited time to 
Possible. XR of the appropriate responses as 
The $ E us was followed by a matching test. 
stimtlitin ome a sheet, randomly listing the 
Wd wasvees ne column and the responses in another, 
Poe & equired to match them. 
pup E F, the retention interval (2:50 
first half af a.m.) was designed to occur during the 
of an e night's sleep, containing high amounts 
i ien a : sleep and low amounts of Stage R 
am, The "imei at the laboratory about 12 
tite dag. rad been instructed not to sleep at any 
stayed RUD day prior to the experiment, Chey 
With Fs Be e tit the laboratory reading or talking 
OL. DH 30 min. before the scheduled time of 
Physiologie this time they also were prepared. for 
2:00 a i 4 monitoring. of their sleep. M about 
ater they t chs "is went to bed. Thirty minutes 
Following Were awakened and completed OL. 
returned completion of the Ol. task, these Ss 
Mean iim bed for the retention interval. Phe 
EET m " R lights out" for these Ss was c y 
While E ; he Ss then slept for approximately 4hr. 
tion TR a EEG, EOG, and EMG informa- 
then ay; o lo assess stages of sleep. They were 
SWakened for recall which took place at a 
p ate of 6:52 a.m. . 
Ond. S, the retention interval was designed 


as given 


Mean 


t: ans 
dot during the second half of a night's sleep, 
4, unin 
Mounts 
"bor; 
Drep, 


I and low 
ived at the 


X high amounts of Stage RE 
à Of Stage IV. These Ss a 

ONE about 10:00 p.m. and were immediately 
ared for physiological monitoring. They then 
[ ximately 4 hr. They 
m. and completed the 


diring u Again Æ monitored El À 
by Pa the retention interval. This was followe 
9n El Which took place at a mean time of 
Sette s for Cond. S, the retention interval 
Sleep, ever the second half of an 8-hr. night of 
Ing 
er ed MONS were awake during the retention 
‘bout i hese Ss appeared at the laboratory 
and g 300 p.m. and were prepared for EG, EOG, 
thr, Slee „Monitoring, They then retired for a 
lop for a Interval, being awakened at about 2:30 
„Completion of the OL task. Following the 


) 
E "e Of OL, these Ss were required to lie down 
Or" to uon is min, without sleeping. This was 
Wha Comp; ide them with a 15-min. period after 
Mile qpe Z Table to the interval the sleep Ss have 


Sle wy ap 
labang yc attempting to fall asleep. Thus, the 
brier Che d 96 conditions had comparable interv ls 
the Test ter ee after OL. After this 
lb St c aval the awake Ss got up and spent 
fete lory, Th, retention interval awake in the 
Appen inte 2 mean time for the starting of the 
Uam Ni Mate! was 2:49 a.m, for these awake 5s. 
Wake! hoy LI T br, later (mean recall time 6:48 

C inte Neto tested for OL recall. During the 


al, Ss were either “entertained” by Es 
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in our monitoring room or they read in an adjacent, 
brightly lit room. We provided magazines and 
paperbacks and Ss were allowed to bring their own 
rcading materials. The typical awake S spent some 
time reading and some time observing the physio- 
logical monitoring of other . ping in the labor- 
atory. The Es also made a point of engaging Ss 
in conversations about sleep and dream rescarch, 
attempting to inform them about the modern 
knowledge of the sleep-dream process. While Ss 
were reading in the adjacent room, Zs checked on 
them quite frequently to make sure they were awake. 

The Ss in the two sleep conditions (F and S) were 
ologically monitored during the retention 
interval. We recorded EEG, EOG, and EMG 
potentials. The electrode placements, monitoring 
techniques, and sleep-stage scoring procedures were 
according to the standard manual in sleep physiology 
(Rechtschaffen & Kales, 1968). Awake Ss were 
monitored for the 4 hr. prior to the retention interval, 
while they were sleeping, but not during the reten- 


phy 


tion interval. 
RESULTS 


Learning —The means for trials to 
criterion in the three conditions are shown 
in Table 1. An analysis of variance re- 
vealed no significant effect of condition, 
F (2, 27) <1. Table 1 also shows the 
mean number correct on the criterion trial 
of OL. Again an analysis of variance re- 
vealed no differences among the condi- 
tions, F (2, 27) <1. Based upon these 
measures it does not appear that the three 
conditions resulted in different speeds of 
learning or different final degrees of learn- 
ing. Thus, the slight sleep deprivation 
which occurred in Cond. F did not seem to 
affect learning significantly. Thus dif- 
ferences among conditions in recall cannot 
be attributed to differences in degree of 
original learning. 

Recall, Table 1 also presents the mean 


performance of Ss in the three conditions 


on various measures of recall. For each 


of these measures we performed a one-way 
analysis of variance, followed by three 
nonorthogonal comparisons. The first com- 
parison, Sleep versus Awake, compared the 
pooled mean of the two sleep conditions 
(F and S) against the mean of the awake 
condition. The second comparison, — F 
versus S, compared the first-half condition 
against the second-half condition. The 
third comparison, S versus À, compared 


the second-half mean with the awake mean. 
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TABLE 1 
MEAN PERFORMANCE IN LEARNING AND RECALL se 
| a cog gone a vemm 
Response measure | Cond. F | Cond. S | Cond. A non E comparisons 

F "e 7 $ 7.30 

Trials to criterion . g 8.10 | 7.00 7.30 17.30 

Number correct on criterion trial 10.50 | 11.00 | 10.50 1.15 

Absolute recall | : 

"desti 830 | 640 | 460 148 ; 
Test 2 | 8.50 7.20 | 4.50 1.54 tt 

Absolute loss 1.2 
Test 1 2.20 | 4.60 5.90 $40 E 
Test 2 | 2.00 3.80 6.00 58 LE 

Percent loss | | m 1.2 
Test 1 20.90 | 41,94 56.34 AT1.AT Ü 3 
Test 2 19.14 34.50 56.97 383.29 i 

Number correct ig 
Unpaced test 9,90 8.30 5.70 5.08 pn 

Number correct 1 
Matching test | 12.10 11.00 8.80 6.98 


i 


Note.—MSwo is th 
versus S, and 3 = S us A 
* Significant at .05 for each of the dependent va 


rsi 


The column labeled “Significant compari- 
sons” lists the number of the comparisons 
which were significant at the 0.5 level for 
each of the dependent variables. 

Our main measures of retention were 
based on performance on the first of the 
two successive paced test trials. Three 
different measures were computed. The 
first, absolute recall, is the number of cor- 
rect responses on this trial. The more 
crucial measures, however, are the two rela- 
tive ones which we refer to as absolute loss 
and percent loss. Absolute loss is defined as 
the difference between the number correct 
on the criterion trial and number correct on 
the paced recall trial—it refers to the 
number of items lost over the retention 
interval. Percent loss is defined as the 
absolute loss divided by the number cor- 
rect on the criterion trial times 100 and, 
of course, refers to percentage of items 
originally learned which was lost over the 
retention interval. Both these relative 
measures take into account slight differ- 
ences among Ss in degree of original learn- 
ing and, as such, are the most appropriate 
and sensitive recall measures. Also, it is 
the first paced test which is of primary 
interest. The second paced test, the un- 
paced test, and the matching test represent 
Successive retention measurements on the 
same Ss, meaning that these results must 


wer P : F " T" 
e mean square within groups from each analysis of variance, Comparison 1 = F +S vert 


Table 1 pre 


be interpreted with caution. 
isures aM 


sents the means for all the me 
lists the significant comparisons. 

For absolute recall on the first test i 
the effect of condition was significa” 


ariso! 
(2, 27) = 7.65, p < 01. Only compan g, 


rial, 
o 


1 reached significance, F (1, 27) = sleep 
p < .01, meaning that the poole han 
conditions exhibited higher retention be 


the awake condition. The differen’ oy 
tween the first- and second-half conci 
approached significance (p < 10). | 
The picture is identical for DO'' 
absolute and percent loss scores A 
first paced recall trial, The effect 2 00 ú 
tions was significant, F (2, 27) = los. € 
842 for absolute and percent ic er 
spectively, p «.01. For both. Loi put 
Comparisons 1 and 2 were significa” gter 
not Comparison 3. This means th@ s 
tion was superior in the sleep grouP i 
pared to the awake group, and ! ion 
the two sleep conditions, retent tha 
better in the first-half condition see 
the second-half condition. i 
half condition, however, Ww? 
nificantly different from the a" 
tion. Thus, these results exact o7 
the findings of Yaroush et al- ; 


no 


| 


EFFECT OF SI 


= 8.77 and 9.44 for absolute and percent 
Du respectively, p < .01. However, now 
It is Comparisons 1 and 3 which are signif- 
wane This means that there was a sub- 
Stantial superiority of both sleep condi- 
tions over the awake condition, but no 
longer is there a significant difference be- 
tween the two sleep conditions. A sub- 
Stantial numerical superiority of Cond. F 
cosi aid. S still remains, however. The 
Whe pattern appeared on the unpaced test 

Were the main effect of conditions was 
pw Significant, F (2, 27) = 8.85, p < .01. 
uL sleep condition showed significantly 
but xh retention than the awake condition, 
Thus = o sleep conditions did not differ. 
conditi i difference between the two sleep 
first feat was significant only on the 
or Pe ae. test when measured by absolute 

cent loss, 
On the matching test, the main effect 
condition was significant, F (2, 27) = 
signif’ S ..05. Only Comparison 1 was 
ained ant--the pooled sleep groups re- 
na rt than the awake group. l'his 
ability 5, "at even when response avail- 
imply; 'S equated, sleep facilitates recall, 
tion 78 that sleep can facilitate the reten- 
Ing m association per se. The match- 
tion, rend must be interpreted. with cat: 
S fgmap on! Since the matching test is 
"etentje 1 test in a series of four successive 
bón Pn tests given to all Ss. 

le Na analyses. Table 2 presents 
"eon Sof the scoring of the physiological 
^E he data are expressed as the 
Stages ay of time spent in each of six 
REM) Wakefulness, 1, 11, HI, IV, and 
Pii first two columns represent 
rey, Wo gl ages of the various stages for 
een ion ae Conditions during the 4-hr. 
Dorgan Column 3 shows the 
rake oo for the 4 hr. preceding 
`o umn ed interval for the awake 
leq, Sows the sleep percentages 
is cond] eding the retention interval 

t "n | "half condition. 

i l1 from Table 2 that the 
“OMpars k Sin ( ond. F and S were 
tSt-half a ble on Stages 1, 2, and 3. 
nes Ss did spend less time in 
^ Probably due to the fact that 


of 


e 
Wer n 
"ker 
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TABLE 2 
PERCENT TIME IN VARIOUS SLEEP STAGES 


Condition and time 


(10:30— 

2:30 a.m.) 
Awake 6.13 
I 6.38 
Il 41.64 
HI 4.64 
IV 29.16 
REM | 11.23 


they were slightly sleep deprived and could 
fall asleep faster than the second-half Ss 
who already had had 4 hr. of sleep. This 
difference in wakefulness between Cond. F 
and S suggests that Cond. S remembered 
less because they slept less, something 
entirely consistent with the interference 
theory. Such an interference interpreta- 
tion gains some support from a correla- 
tional analysis. We correlated amount of 
wakefulness with percent loss in the first- 
half condition, in the second-half condition, 
and in the pooled sample from both condi- 
tions. The pooled correlation, based on 
20 Ss, was significant, r — .47, p « .05; 
but the other two correlations, done on 
the separate conditions, were not (r 2.28 
and .35 in the first- and second-half condi- 
tions, respectively). Despite this, we 
are convinced that the F-S difference is not 
due to wakefulness differences because we 
have twice replicated the effect when there 
were no differences in wakefulness? In 
neither of these replications were there 
significant correlations between amount of 
wakefulness and percent loss, and in one 
case the correlation was negative. 

From Table 2 we can also see that the 
manipulations we employed to have the 
retention interval always occur between 
2:50 a.m. and 6:50 a.m. did not destroy 
the basic sleep cycle which normally 
results in high amounts of Stage IV sleep 
and low amounts of REM sleep during the 
first half of the night and low Stage-IV 


3 FowLER, M. J., SULLIVAN, M. J., & EKSTRAND, 
B. R. Sleep and memory. Manuscript submitted 
for publication, 1972. 
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and high REM during the second half. 
Cond. F had close to five times as much IV 
as Cond. S, while for REM sleep, Cond. S 
had almost twice as much as Cond. F. 


DISCUSSION 


The results of this experiment clearly in- 
dicate that the finding of superior retention 
over intervals filled with sleep as opposed to 
wakefulness is not an artifact of the confound- 
ing of sleep and wakefulness with time of day. 
For each of several measures of retention, 
including paced, unpaced, and matching tests, 
retention after sleep was significantly higher 
than after wakefulness, when the time of the 
retention interval was identical in both condi- 
tions. Furthermore, the results also strongly 
suggest that the difference in memory between 
the first and second halves of the night, first 
discovered by Yaroush et al. (1971), is also not 
due to the confounding with time of day. This 
is not to say that there are no time-of-day 
effects in memory, but only to show that such 
effects, if they exist, are not responsible for 
the better recall by sleep Ss, and the better 
recall by first-half Ss. 

Contrary to the Yaroush et al. (1971) data, 
the present experiment strongly suggests that 
memory over the second-half of the night, 
while inferior to the first half, is superior to 
the awake condition, Yaroush et al. found no 
significant differences between the second-half 
and awake conditions on any of these recall 
measures. However, we did find a significant 
difference between these two conditions on 
four of our recall measures (see Table 1), 
particularly on the second of the two paced 
tests. Our other experiments (see Footnote 3) 
have also consistently shown a significant 
superiority of the second-half condition over 
the awake condition. We conclude that first- 
half memory is superior to second-half memory 
which is superior to memory over intervals of 
wakefulness. 


These results, however, do not shed any new 
light on the difference between first and second 
halves of the night. The data on sleep stages 

gly suggest the hypothesis that either 
Stage IV sleep facilitates memory or that Stage 
REM sleep inhibits it or both. Yaroush et al. 
(1971) suggested such a facilitation-disrup- 
tion interpretation, hypothesizing that these 
Stages affect a consolidation process. Another 
possibility is that REM sleep acts somewhat 
like interpolated experience of a general sort, 
having an interference-li 


e effect and causing 
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RI. Still a third possibility arises when we 
note that there is still a confounding Lagen 
both in this experiment and the Yaroush eden 
(1971) experiment. The two conditions si | 
result in the lowest recall, awake and pane 
half, are conditions in which the € 
interval is preceded by at least 4 hr. of dep. 
"The first-half condition which results in ur 
recall is preceded by little or no sleep. ay 
possible that the prior sleep could in sone d 
serve to depress recall; i.e., there ja qase, 
sleep inhibition. Such a proactive © xs 
could not explain the significant differe! 5 
between the second-half condition and t ie 
s expe"! 
This 
hat 
inter- 


awake condition which occurred in thi 
ment on some of the recall measures. t 
saying 

the 


difference could be explained by 
sleep also works by preventing Hl 
ference-theory hypothesis. 


It may also be noted he 


the time of OL. The first-half Ss were 
sleep deprived at 2:30 a.m. whereas » since 
other two conditions had been reg the 
10:30 p.m. Unless one wishes to scilitates 
position that prior sleep deprivation fu not 
memory, this difference in deprivation wi 
account for the difference between the fir? 
second-half conditions. att 
We conclude from this experiment tha p 
isa very reliable facilitating effect of sis 
memory which is not a time-of-day 


Furthermore, since we have repli supe g 

Yaroush et al. (1971) results, showing mpi re 
H € 

recall over the first half of the night € 

that 


possible explanations of these 
best guess is that sleep can have 
memory in more than one way Perhaps . d 
preventing IL and reducing RI, tie eri”? 
facilitating consolidation, or DY M 
with consolidation. It is eve? pm 
prior sleep interferes with memory ; 
prior deprivation of sleep facilitate 
veloping experimental designs WMS spree 
the possible separation of these 

not be easy. 
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PART-WHOLE LIST TRA} 


SFER IN FREE RECALL: 


A REAPPRAISAL 


ROBERT E. HICKS! asp ROBERT K. YOUNG 


University of Texas at Austin 


Three part-whole transfer studies in free recall were conducted. 
ned to be a replication of previous part-whole transfer experiments, it 
9-item part list and then an 18-item whole list were learned. 


d 


learned unrelated lists of nour 
of nouns composed of the part-li 


In Exp. I 


The control group 


ind the experimental group learned a whole list 
items plus 9 new items. H 


xperiment I1 was 


identical to Exp. I with the exception that adjectives were used instead of 


nouns. 


Experiment II was an exact replication of E 
except that the part lists were merely read aloud. 


p. land 1I combined 
eriment | and the noun 


portion of Exp. III replicated previous research, while positive transfer was 


found in Exp. IL and the adjective portion of 


were considered. 


The results of part-whole transfer studies 
in free-recall learning provide an interesting 
counterintuitive finding. In this paradigm, 
the experimental group learns a part list 
of N items and then learns a whole list of 
2N items consisting of the part-list items 
plus N new items. The control group 
learns unrelated lists of N and 2N items. 
In contrast to what might be expected from 
more traditional theories of human learning 
(e.g., Asch & Ebenholtz, 1962; Underw ood, 
1964), negative transfer has been found 
(Tulving, 1966). "lulving's data can be 
easily explained by a theory of free recall 
(FR), which stresses the necessity for 
active organization of the list by the learner 
(Tulving, 1962). 

Tulving (1966) reported a second coun- 
terintuitive finding which also supports 

organizational theory and which again is 
extremely difficult for a more traditional 
theory to explain. In this study, a “prior- 
acquaintance" group read aloud the items 
of a to-be-learned list six times, while a 
control group read an irrelevant list of 
words. Both groups then learned the test 
list by FR. In contrast to what might be 
expected, no difference was found between 
the two groups in the learning of the test 
list. Tulving's organizational theory can 
easily explain these data because it stresses 


.' Requests for reprints should be sent to Robert 
E. Hicks, Department of Ps chology, University of 
as at Austin, Austin, Texas 78712. 


xp. III. Alternate explanations 


»ffec 
" —. 
that mere repetition alone is not a 


tive way to increase performance: 


„gan 
| st be org? 
the material to be recalled must S units 


ized into subjective groupings OF? © ould 
The more traditional aevi the 
predict positive transfer in bot 966) 


experiments reported by Tulving - and 
because of increased item availabi ! c 
because individual items have ph Ti 
tioned to the experimental ume AM. 
hypothesis of contextual associat ci te 
been applied primarily to paired: 
studies, eg., Bilodeau and > ce 
(1951) and McGovern (1964). hw 
studies, however, have provic’™ 
limited support for the S rerit 
Abra and Belton (1969) and 5tr2 ,s usu t 
Just as paired-associate studies p 
have used adjectives, FR Lad 
usually used nouns. The appar izi 
for this tradition is that orga! 
processes in recall have long 
interest in research on FR (es 
1953), and nouns are most € 
to this type of research. 


eg” 


ly a 
isi 0 


i$, y 
Ape! ine 
nt pap oam 
: ae Je U 
examine transfer in part“ ar 


when both adjectives and 
so as to determine if the 


in 9 x. 
dicc. ort 
o stu É of re) 


. ac 
imp? 


effect of pronunciation 
transfer paradigm is als 
perhaps a measure of the 
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hypothesi: or0)- l 


OS — 


NS 


Ea oy upon this area of verbal 
m de par knowledge, no replica- 
En d ilving's (1966) study of the 
learning M acquaintance upon FR 
„ung has ever been reported. 
E ‘a FR learning studies, 
Battin” nouns and the other using 
= ros me reported. A third experi- 
Ed B € the part list was merely 
Eod with no instructions to learn, 
the leer oth nouns and adjectives as 
ing material. 


EXPERIMENTS I AND II 


Method 
Gen ; 
learned © design.—ln both Exp. I and II, all Ss 
"item tee ton Jist by FR and then learned an 
Omplete] v, i y FR. he Control Ss learned two 
Mental gr tnrelated lists, while Ss of the Experi- 
Sroups learned a second (whole) list com- 


Dose of s 
st (part) list plus an 


the items of the 


Carne "a. T 
for ned the same whole list. Thus the de: 
stm “xp. I and IL can be summarized as a 


ple tw 


"group desig 
E Pecific p design. 


Procedure.-—The lists used in 
ls presso d SEE common nouns taken Jen 
eM Eam x b; by Battig and Montague (1969), 
DDO, Sc edian Thorndike-Lorge G frequency of 
Wo groups of 34 Ss served in Exp. |. The 
; II were composed of unrelated 
n ang S. tives taken from lists. prepared by 
is etter (Hilgard, 1951). These lists 
horndike-Lorge G frequency of 2 
4 51 Ss served in Exp. IH. 

X virecedure,—The verbal material was 

ae tim D Kodak Carousel 650 projector with 
iments es All items in both lists and in both 
Wag teh of is Follow- 


p. | were 


Eroups ¢ 


ean Udy tr 


bes 
Stud 


on the whole list, there W 
ai Approximately 10 sec. š 
Yd of a recall trial and the start of a 
approximately 1 min. elapsed 
: ad the whole lists. 
geet from introductory psychology 
= ested in subgroups of five or SIX, 
5 wrote their responses on à blank 
end Covered their responses as they 
e eM possible cueing from pre- 
eet was Ub : At the end of cach trial, the 
ew Daren face down on the table to 
eSentatio heet. There were five different 
su eoru for both the part and whole 
N Stoup, . up was randomly assigned toa 
o s, P' and standard FR instructions were 


Ss 
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Fic. 1. Mean correct per trial during part and 
whole list learning in Exp. 1. 
Results 


Exp. I.-—The mean numbers of correct 
responses given during part-list learning 
are presented in Fig. 1. In the analysis 
only trials was significant, F (9, 594) 
50.19, p < .001. No other F was larger 
than 1.00, and the hypothesis of equivalent 
groups cannot be rejected. 

The mean numbers of correct responses 
given during whole-list learning are also 
presented in Fig. 1. In this analysis both 
trials, F (9, 594) = 94.26, p < .001, and 
Trials X Groups, F (9, 594) = 9.88, p < 
.001, were significant. The former. F 
indicates that whole-list performance 1m- 
over trials while the latter F 
) finding of initial 
by negative 


proved 
replicates Tulving's (1966 
positive transfer followed 
transfer. 

Exp. H.—The mean numbers of correct 
responses given during part-list learning are 
presented in Fig. 2. In this analysis only 
trials was found to be significant, F (9, 900) 
— 71.09, p < .001. No other F was larger 
than 1.00, and again the hypothesis of 
equivalent groups cannot be rejected. 

The mean numbers of correct responses 


p 


s] ADJECTIVES 


MEAN WORDS CORRECTLY RECALLED 


o— EXPERIMENTAL 


oo CONTROL 
rrr) ret ril 
2 4 6 8 10 2 4 6 8 10 
PART LIST WHOLE LIST 
TRIALS 


Fic, 2. Mean correct per trial during part- and 


whole-list learning in Exp. IH. 


given during whole-list learning are also 
presented in Fig. 2. In the analysis of 
these data, trials, F (9, 900) = 117.75, 
p < .001; groups, F (1, 100) = 9.15, p < 
.01; and Trials X Groups, F (9, 900) = 
9.46, p < .001, were all significant. The 
significant F for trials simply indicates that 
whole-list performance improved over trials. 
The significant difference between groups 
indicates that positive transfer occurred 
during whole-list learning, with the mean 
number of adjectives recalled in the 
Experimental group being 12.80 per trial 
while the comparable mean in the Control 
group was 11.60. The Trials X Groups 
interaction indicates that the amount of 
positive transfer decreased over trials. It 
would appear that the most parsimonious 
explanation of this interaction would be in 
terms of a ceiling effect for the Experi- 
mental group but, interestingly enough, it 
can be taken as support for organizational 
theory. The reason for this is that the 
significantly more rapid improvement in 
performance for the control group may 
indicate the use of nonoptimal S units, 
formed during part-list learning by the 
Experimental group. 


ROBERT E. HICKS AND ROBERT K. YOUNG 


EXPERIMENT [11 


Method.—Each of 68 Ss read aloud a part ie 
and then learned a whole list. Half of the SEI in 
part list composed of items subsequently k aA ai 
the whole list while the other half of the 5s rea ^ a 
irrelevant part list. Within cach of these uw " 
half of the Ss read and learned lists canines atl 
nouns while the other half read and Pui P. 
composed of adjectives. Thus the design bes a 
summarized as a 2 X 2 factorial with ice 
the part list (experimental vs. control) and ora ine 
ical class (adjective vs. noun) being con 
factorially (x = 17 per cell). 

The only difference between Exp. 
comparable groups of Exp. I and H 
part lists were merely read aloud as 1 whole 
continuously presented. Again, the part Rh lists 
lists were presented for 10 trials. “The new! lis! 
were the 2 


HL and the 
as that the 
they wer’ 


É adjective 5. 

ame in Exp. | and the adject MI 
were the same as in Exp. I. The 5s 1 the same 
were selected in the same manner from tY cay 


Š a s the san 
population and assigned to treatments the 


as those in Exp. I and Il. sve and si 

The Ss were again run in subgroups of ie list, 5? 
ata time. Before presentation of the pan 0 the 
were told that a series of words would appe a 
screen and that they were to read cach wore sext 
it appeared. The order of presentation jen 
the same as in Exp. | and I. The W 
presented continuously at a l-sec. rate. ^ 
tended to pronounce the words in unison. spe inst 
presentation of the part list, standard F! f 
tions were given and whole learnt 
immediately thereafter, 


Results. 
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Jo tly 


rs of cort 


The T be 
Fhe mean num Exp 


in the four groups 9 
are presented in Fig. 3. 1t ca" ptal 
that several differences v m 
The noun lists were casier to learn 
adjective lists, F (1, 64) = 33.14, PA (n 
Similarly, positive transfer occur i 
the experimental lists being C297. 4, P jd 
than the control, F (1, 64) = ^77 
mi. 


were 


These two variables inter? 4 6S) 
positive transfer was found “p (tr ied 
adjectives but not with the nou eges, 
= 9.44, p < 001. Performance’ , z P F 
over trials, F (9, 567) = io ove" MT 
and amount of transfer change e f aC 


sJevanc’ gter 
Such that the Trials X Ren d um a 
Part List) XX Grammatical s (9, ? d 5 
uon was highly significant: 


5.72, p < .001. Figure 3 can, 
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interaction, It can be SCF ght ul 
P ,d throU?, gf 
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E > adiet 
course of learning for the ad 
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E positive transfer occurred only in 

early trials for the noun groups. 
^ isi „this positive transfer in the 
pu ps disappeared. Thus the results 
“Xp. Hi replicate those found in Exp. I 
Finally, the Trial X Grammatical 
with 
ee being learned somewhat more rapidly 

adjectives, F (9, 576) = 2.34, p < .05. 
: should be noted that the noun portion 
Du. p replicates the results found by 
Ss neni ( 966) in his experiment in which 
das y read words aloud. Phat is, an 
ysis of the noun data alone in Exp. 111 
difference 
the Experimental and Control 
Similarly, the Trials X Revelance 
"Xperimental vs. Control) interaction 
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aed to 
between 

Sroups, 
Le, E 
also f 


find a significant 


ailed to attain significance. 
Discussion 


‘8reeme 
Novi 


EE T a Qo! 


the & 

Mos rae? listed above used nouns, as have 
Initial Ne F R studies, and all of them found 
transfe Positive transfer followed by negative 
results IP a part-whole paradigm. These 
“onal t Support Tulving's (1966) organiza- 

| teory of FR learning. 
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EN Dad Correct per trial during whole list 
l. !Ó noun and adjective groups M 


Gee results of Exp. I replicate Tulving's 
finding of negative transfer and are in 
it ‘nt with Bower and Lesgold (1969), 
"Ski (1969), and Roberts (1969). All 
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Similarly, the part of Exp. III employing 
nouns also replicates Tulving's (1966) finding 
that “mechanical repetition" i.e., reading the 
items aloud with no instructions to learn, has 
no effect on subsequent learning and recall. 
According to his organizational theory, only 
when repetition leads to the formation of 
higher order S units is it effective in allowing 
S to recall more items than on the first trial. 
When Ss are not instructed to memorize, then 
such higher order S units will not be formed, 
and the learning of an FR list will be no more 
rapid than that of a control FR list. 

Experiment II and the part of Exp. III 
employing adjectives fail to unequivocally 
support the organizational hypothesis. It 
should be recalled that Exp. I] was identical 
to Exp. 1 except that adjectives instead of 
nouns were used, but the typical results found 
in other part-whole studies—positive transfer 
followed by negative transfer—was not found. 
Instead, consistent positive transfer was 
obtained throughout whole-list learning. These 
data fit the more traditional theories better 
than they fit organizational theory. The 
traditional theories emphasize response avail- 
ability and contextual association, and these 
theories would predict that positive transfer 
should occur during whole-list learning since 
half of the experimental items have already 
had their availability increased and been 
conditioned to the experimental context. 
Similarly, in Exp. III, when the items are 
merely repeated again and again without 
instructions to memorize, both availability 
and contextual associations should be increased 
yielding positive transfer. 

While organizational theory can predict the 
positive transfer obtained in Exp. II simply by 
arguing that optimal S units were formed in 
part-list learning (cf. Slamecka, Moore, & 
Carey, 1972), it appears to be somewhat more 
difficult for organizational theory to explain 
the data of Exp. III. In this experiment, Ss 
merely read the part-list words as they were 
n A theory which stresses increased 
of responses would predict positive 


both nouns and adjectives, 
would predict 


Positive transfer 
ansfer 


presented. 
availability 
transfer with 
while organizational theory 
nsfer in both cases. 

d with adjectives and zero tr: 


was obtained with nouns, and it can be seen 
ilia the data which cannot be explained by 


organizational theory are easily accounted for 
by availability theory and vice versa. Thus 
neither theory can give an adequate account 
of the results obtained in Exp. III. 


zero tra 
was obtaine 
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Adjective lists are more difficult P 
than noun lists. This may simply be rim 
the fact that nouns tend to have a hig d 
degree of imagery than adjectives. If the 
results obtained in the present series of 
experiments are attributable to this difference, 
then a comparison of high- and low-imagery 
nouns in a part-whole transfer paradigm 
should yield differential transfer similar to the 
present results. In addition, the finding of 
differential transfer would suggest that or- 
ganizational factors are most important when 
the relative difficulty of the learning material 
is low (ie., when imagery is high) and that 
associative factors are most important when 

the relative difficulty of the learning material 

is high. 

The differences obtained in the present series 
of studies may not be related so much to task 
difficulty as to word class. Nouns and adjec- 
tives have been used by S in quite different 
ways prior to the experiment, and the manner 
in which an item has been used by S may be 
related to the pattern of transfer obtained. 
To the S, nouns may represent a collection of 
items, while adjectives may represent a collec- 
tion of attributes. Since it is not unusual for 
S to be familiar with concepts with overlapping 
sets of attributes, e.g., a big, round orange and 

a big, round, ripe, wormy apple, it may be that 
transfer of adjectives already available is 
easier than the transfer of nouns. If the results 
of the present experiment are attributable to 
differences in word class, then a comparison 
of adjectives and nouns with imagery held 
constant should yield results comparable to 
the differential transfer obtained in the present 
series of experiments. 


Another explanation can be based on the 
results of Postman (1971), who found that 
associations, formed among items of an FR 
list, are strong enough to 
transfer in subsequent learni 
preexperimental internoun associations 
relatively strong, while interadjective 
tions are relatively weak. Und 
tions, an adjective list would bi 
to learn than a noun list. 
of new items to the 


produce negative 
ng. Assume that 
are 
associa- 
er these condi- 
e more difficult 
With the addition 
adjective list, as in the 
part-whole transfer paradigm, the associations 
formed during part-list learning would facil- 
itate subsequent whole-list learning. However, 
with the addition of new items to the noun 
list, relatively Strong preexperimental associa- 
tions between part-list items and new items 
would interfere with the associations formed 


and/or Strengthened during part-list learning 
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That is, BAT and BALL might be ey 
ciated in part-list learning. With the = A 
of WING and DANCE in whole-list leat n i Bi 
BAT-WING and DANCE-BALL association de 
tend to interfere with the BAT-BALL associa 
resulting in retarded whole-list brum 

The results of the present serie ài (1972) 
ments along with those of Novins : ue 
and Slamecka et al. (1972) vae ane o 
organizational theory has severe wm € 
its application. The usual part-w hole we. 
effect can be modified considerably rered 
the use of different instructions or thed 
verbal materials. While organizanann ded 
can explain these results, it does so pA other 
of becoming overly general. : On t theories 
hand, while the more traditional 1 conte 
emphasizing response availability and ity in 
tual associations have continual diflicu 
explaining the typical part-whole hee 
result, they can readily handle the resul E 
adjective portions of the present ser! 
experiments. 
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i "E REACTION TIME: 
PREDICTION OUTCOME AND CHOICE REACTION TI | 
A MEMORY-DEPENDENT RELATIONSHIP? 


E. SCOTT GELLER? asp CHARLES P. WHITMAN 


Virginia Polytechnic Institute and State University 


OR NT E " SAGE » pre- 
In two-choice reaction time (RT) situations, the interval between the | 


diction and the presentation of succe: 


The 20 Ss of one group (Group Stim) pressed a left-hand trigger following one 


e stimuli was either 3, 7, or 11 sec. 


VU - 


i = fi RAM ms Se i 
stimulus and a right-hand trigger following the alternative stimulus; Ss o! | 


another group (Group Pred) identified the prediction outcome on cg d 
the 200 trials by making one response if the prediction was correct and t 


other response following an incorrect prediction. The influence of the pre- 


diction-stimulus interval im 


plicated both expectancy and memory factors in 


I 
choice RT. That is, RTs were faster following correct than incorrect pre- 1 
dictions, and this effect of prediction outcome was greatest following theshortest 
interval. The reliable effects of prediction outcome on RT were more prominent 
for Group Pred than for Group Stim. 
vet td 
When required to predict the Sequential prediction would have faded or dema the 
occurrence of stimulus alternatives in a the greatest extent. Such effects nu 
choice reaction time (RT) paradigm, Ss time interval between. the predicti c 
react markedly faster to correctly predicted — (he presentation of a stimulus wouk facto 
than to incorrectly predicted events (e.g, cate both expectancy and memory ^ 
Geller & Pitz, 1970; Geller, Whitman, & | in the choice RT situation. avt | 
Farris, 1972; Keele, 1969). The present j 


experiment was designed to determine if 
the temporal interval occurring between 
the prediction and the Presentation of a 
stimulus would influence the effects of the 
prediction outcome on reaction latency. 
The three prediction-stimulus intervals 
used (3, 7, and 11 sec.) were Within a 
range in which short-term memory (STM) 
for consonant trigrams was show 
(Peterson & Peterson, 1959). 

STM model might hypothesize 
prediction outcome effect would 
apparent at the shortest interval 
Sec), since at this interval the 
trace of a verbalized expectancy would be 
strongest. Following the longest interval 


(i.e, 11 sec.) the effect of prediction out- 
come on choice RT should be least promi- 
nent, since the verbal STM for the stimulus 


n to decay 
Hence, an 
that. the 
be most 

(ie., 3 


memory 


! The authors thank David A. Williams for his 
assistance in collecting the data and Western 
Electric Company, Inc., for its donation of elec- 
tronic supplies. 
is Requests for reprints should be sent to E 

eller, Department of Psychology, 


technic Institute and State Universit 
ema 24061. 


- Scott 
Virginia Poly- 
y Blacksburg, 


c 
study the influence of STM on wd 2 
tion effect” (ie, faster ipi 
second of two consecutive identici 


In both e 
ae iele 
choice and a two-choice RT task Y 


h 
n 
Ji 
f 
V 
28 
t 
t 
e 


than dissimilar stimuli). 


nd 

actor 

(u 

» Ne 

5 E = seta tOre Z 

Recent choice RI investigator guct? 
varied the amount of time p. a 
sive stimulus presentations in "reper 
nu 

t0 

l rath 

four” 

h Mw. 
2) foul 
(1968) for 
oa, 


2 sals’ d^ 
: : : ; inter V^ gn 
function of the interstimulus i! | her fpe 


fading of the stimulus trace: E 
should be noted that the results 


urbrabe 
Sequential effects in similar cho! 
si 
n n stt 

range of intervals 
100 msee, to 8.5 sec.). 

E 1 tL 

lhe present experiment E 
diction Outcome effect as K in f 
Prediction-stimulus eder fe 
mgt i pe ar y 
ent RT situations: a standar di 


RT task with one-to-one ' 
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PREDICTION OUTCOME AND CRT: DEPENDENCY ON MEMORY 


Er m RI paradigm which required Ss 

‘Identify the outcome of their predictions 
En mE ene response following correctly 
allows ] stimuli and . another. response 
Ben | incorrect predictions. Thus, the 
Een Mi Site outcome and predic- 
a His peg interval were determined in 
ini MUBELIODE which perhaps involve 
tial b; d Cognitive processes or a differen- 

asing of the same processes. 


METHOD 


Mees —The 40 Ss were volunteers. from, the 
echnie fay psychology classes at Virgir a Poly- 
received eL and State University. The Ss 
ion in id nnl rescarch credit for their participa- 
Males E a I-hr. experimental sessions. Ten 
Mental cond, females served in each of two experi- 
: Conditions. 
Sessio pu procedure. During individual 1-hr. 
each bein; * received 198 stimulus presentations, 
bowy CN the symbol LJ or m (labeled ur and 
^u eSpectively). The sequence of stimuli was 
d by filtering à uniform random number gen- 
on an IBM 360 computer so that the two 
ae alternatives were equiprobable (i.e, 99 
(s DOWNs), 
Dre, i cach stimulus presentation, Ss verbally 
" pe rh alternative they expected to occur 
essed N) and then with their left forefinger 
pp ONE of two levers to indicate their predic- 
Tu d prediction levers were located on a 
Axis | x tof S and were separated on a verti- 
‘Tem. To designate a prediction of UP, 
the uppermost lever; the lower lever 
val essing à ollowing verbal predictions of DOWN. 
6j * prediction lever initiated a time inter- 
! OF 11 sec., after which the stimulus was 
rogrammed by a 
Aree time inter 


Is. The distribution 

* Was the same for each S and was ascer- 

A Appropriate filtering of a random 

in, C Or on an IBM 360 computer. 

Digi Action bes presentation os made z 
3 ing one of two micro 


ing 5, one pre 

Tw the Gy, Mounted in a handle for Ss’ left hand 
the ty er mounted in a right-hand trigger. 
x anit ulus ' One group (Group Stim) identified 
Dre nd t j Presented by making one response to 
d For this condition, 10 Ss 


n ger following LJ and the om 
Y » While 10 Ss used the reversed 
ji 4 (Grou Telationship. The 20 Ss of a second 
CN red) identified the prediction out- 
dp "d by each stimulus presentation. 
et ! ang qi t-hand trigger to identify a correct 
bredie 1e right-hand trigger to identify an 

Cuon; conversely, 10 Ss pressed the 


e. Lae 
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left trigger following incorrect predictions and the 
right trigger following correct predictions. 

The reaction latencies (between stimulus presen- 
tations and identification responses) were recorded 
to the nearest millisecond by a Hunter Klockounter, 
Model 120A. Whenever inaccurate identifications 
occurred, E told S of the error. After recording a 
reaction latency, Æ pressed a button to present a 
horizontal line (1.3 cm.) in the center of the stimulus 
readout (Allied No. 448MS14A), which served as a 
cue for S to make the next prediction. The hori- 
zontal line was not a section of either stimulus 
alternative (LJ or M). 

The Ss were encouraged to concentrate on their 
stimulus predictions and were told to take as long 
as they wanted to make each prediction. Also, Ss 
re instructed to make the identification responses 
às quickly as possible while minimizing the number 
of errors. The E specified that the sequence of 
stimuli would be determined by a punched paper 
No mention was made of the varying time 
s between prediction and stimulus, nor of 
the relative frequencies of the stimulus alternatives. 
The Ss were given 10 practice trials, during which 
questions concerning their task were answered. 


i 


LTS 


Res 


The latencies for anticipations and in- 
accurate identifications were disregarded in 
the analysis and represented less than 5% 
of any S's data. For each S, the reaction 
latencies were classified according to the 
three prediction-stimulus intervals and the 
prediction outcome determined by S's pre- 
diction and the presented stimulus (correct 
or incorrect). Thus, each choice RT was 
placed into one of six categories indicated 
by the factorial of 2 (Prediction Outcomes) 
X 3 (Intervals). The group means de- 
picted in Fig. 1 were computed by calcu- 
lating the category means for each S and 
then averaging across Ss’ means for each 
zroup. i 
j Aa itlusteaved in Fig. 1, the choice reac- 
tions of Group Stim were markedly faster 
than those of Group Pred, and for both 
RT was notably faster to a 


sroups choice 
5 r an to an 


Correctly predicted stimulus th 
eee h predicted stimulus. However, 
the latency difference due to Dp ee 
outcome appears to be greater ma e 
Pred than Group Stim. _ The analysis 0 
variance, a factorial of 2 pomis 
2 (Prediction Outcomes) x 3 (Interva s), 
demonstrated significant main effects ol 
group, F (1, 38) = 26.94, and prediction 


‘ware 


E 
o 
O 


N 


iseconds 
Lu 
t 


Prediction 
— CORRECT 
-----|NCORRECT 


Group 
A PRED 
@STIM 


500 TS 


Choice Reaction Time in Mill 
I \ 


400) 


$3 ri M 
Prediction - Stimulus Interval (Sec.) 


Fic, 1. Choice reaction time as a function of the 
identification response (Group Stim vs. Group Pred), 
the interval between prediction and stimulus, and 
the prediction outcome, 


outcome, F (1, 38) = 163.97, both ps < 
.001. Only two significant interactions 
were obtained: Group X Prediction Out- 
come, F (1, 38) = 12.99, and Prediction 
Outcome X Interval, F (2, 76) — 14.88, 
both ps < .001, 

As depicted in Fig. 1, the Prediction 
Outcome X Interval interaction was due 
to the greatest effect of prediction outcome 
on choice RT following the shortest pre- 
diction-stimulus interval (i.e, 3 sec.). 
That is, given a correct prediction, choice 
RT was faster when the prediction-stimulus 
interval was 3 sec. than when it was 7 or 
11 sec., but for incorrect prediction out- 
comes choice RT was slowest when the 
prediction-stimulus interval was 3 sec. 
The separate analysis for correct predic- 
tion, 2 (Groups) X 3 (Intervals), showed 
significant main effects of group, F (1, 38) 
= 24.65, p < .001, and interval, F (2, 76) 
= 4.26, p < .025. The Group X Interval 
interaction was not significant, F (2, 76) 
= 2.56, 10 > p > .05. Likewise, the anal- 
dr did merrer predictions indicated sig- 

ca ain effects of group, F (1, 38) 
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= 26.11, p < .001, and interval, P (2; 76) 
= 6.43, p < .005, with a nonsignificant 1- 
teraction term, F (2, 76) = .024. 


DISCUSSION 


The present findings not only | 
importance of verbal predictions i 
nants of choice RT, but also indic: 
cant interaction between expectancy 
That is, whether the : 
the prediction outcome was identified, 


stimulus oF 
the 17 


val between the prediction and the 
tion of a stimulus was the shortest eel jme in- 
Indeed, the Interval X Prediction m model 
teraction is supportive of an S to eX” 
similar to that used by Smith (1968) effect 
plain her observation that the repetit short- 
on choice RT was reliably greater E t i 
est interstimulus interval (i.e ^ 
particular, when a stimulus is P" 
identification, the memory trace kom 
expectancy is strongest when the UP E. 
occurring between the prediction dence? 
: E rn: Y Jatively short iita 
stimulus has been relatively f facil 
might be assumed that the degree 9. i 


$ tans ani 
tion due to correct predictions Led ly 
rectly vac 


seC)*, pr 
esentet l 


due to incorrect predictions are dir 


i 3 
to the strength of the verbal n M 
Since the prediction outcome eflec e E 
erally of the same magnitude e miin 
longer intervals (i.e., 7 and 11 see zeecttd on 
mum degree of memory fading red pet“ 
choice latencies apparently occur oit 
3 and 7 sec. dictio" NO 
The observation that the P eti n wo 
come had a greater effect on retim sup yë 


for Group Pred than for Group me ( 
à notion that prediction outco geele d s 
dependent on task complexity: 1) jarit 
and Whitman and Geller d de 
compatibility between Ss and € 
significantly greater effect a 
come under the incompatible 
wise, in the present study sp ij 
ences due to prediction out ich o 
larger for the RT task " jon P in " 
markedly longer identifica! sk are MCA 
Group Pred). Incompatible qo Sort 
to emphasize response pe 
extent than compatible tas es 
1972; Whitman & Geller : 
response selection is also "edicti? 
process when Ss identify > i 

than when they identify su i 
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EFFECT OF STIMULUS RATE, MATERIAL, AND STORAGE 
INSTRUCTIONS ON RECALL OF BISENSORY ITEMS: 


STORAGE OR RETRIEVAL EFFECTS? ! 


PAMELA C. FREUNDL 


University of California, Los Angeles 


GERALD M. SENF? 


University of Towa 


An audiovisual analogue of dichotic listening, consisting of four pairs of simul- 


taneous, discrepant items 


amined the effects of material (letters vs. digit 


interstimulus interval (.75 vs. 2 sec.), and storage instructions on bisensory 


recall and recognition memory. 


order retrieval to characteri 


Previous recall studies showing retrieval in 
channel sets to characterize fast stimulus presentation rates 


and pair (actual) 


ow rates have not demonstrated conclusively 


that these retrieval order differences reflect underlying storage differences. 
Comparison of recognition versus recall data supports the conclusion that 
storage of rapidly presented items proceeds in channel (modality) sets, while 
storage can be accomplished either in pair or channel groupings at the slower 
stimulus rate. Rapid stimulus rates likely restrict the manner of storage for 
this type of material through an inherent limitation in S's ability to shift atten- 


tion from one stimulus modality to the other. 


Slow presentation rates 


allow sufficient time to switch attention and, hence, variously to order the 


items in memory. 


In two previous series of studies (Madsen, 
Rollins, & Senf, 1970; Senf, 1969; Senf & 
Freundl, 1971; Senf & Rollins, 1971), we 
have experimented with an audiovisual 
analogue of dichotic listening to test certain 
aspects of Broadbent's (1957) model of 
human memory and attention and to as- 
certain whether functions assessed by this 
bisensory analogue discriminated adequate 
readers from those afflicted with specific 
learning disabilities. The bisensory tech- 
nique administers simultaneous, discrepant 
audiovisual pairs of items to S for imme- 
diate recall, usually three such pairs being 
administered on a trial with stimulus rate 
varying from less than one to as many as 
three pairs per second. In general, this 
audiovisual analogue has generated results 
(Madsen et al., 1970) comparable to the 
dichotic procedure used by Broadbent 


t This research was supported by Biomedical 
Sciences Support Grant FR-07035 from the General 
Research Support. Branch, Division of Research 
Resources, Bureau of Health Professions Education 
and Manpower Training, National Institutes of 
Health, to the second author while at the University 
of Iowa. 

? Requests for reprints should be sent to Gerald 
M. Senf, who is now at the Department of. Psy- 
thology, University of Minois at Chicago: Circle, 
Chicago, Ilinois 60680, 
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(1954) and more recently by mud 
Bryden, 1962; Treisman, 1969). 
An initial experiment in the $ 
ported here sought mainly to assess 
slow readers of college age evidence? p 
functionally similar to reading quat? 
children. ‘Though the samples of "fe de 
and deficient readers did not E es WH 
working of the experimental varia? ; 
provocative. The Ss were ad 
bisensorial stimuli of two rates € d 0 
2 sec. between successive pairs) Pr bi 
Material types (letters or digits) or ea 
in one of two recall orders i y co" 
modality order). All Ss receiver i 
tions. The interpair interval need * 
order variables were counterbalam y p 
letter and digit trials were randon i 
spersed. The possible sequen galus 
allowed by this design, while no S 
warrant caution in accepting 9 Each p 
this preliminary experiment: o, eby, 
consisted of four pairs of pigen ing idi 
either all digits or all letters: "^, 
unique items per trial. ded th 
tion dictated that S report ua 
starting with the initial VIS, 


: S uni itor? 
followed by the initial audi P 
id visti 


wie its 
HC! 
I ded 


“esl! 


m 
1 su atel 


followed by the secor 


-€ 
3 x der 
so on. Modality recall ord 


STORAGE AND RETRIEVAL OF BISENSORY ITEMS 


35 
ee 
30 
ad 
E 25 Omi 
o 
& 20 
[4 
[4 
wu [5 
d 
3 l0 
5 
75 2.0 
INTERPAIR INTERVAL 
A. LETTERS 
Fic, 1 


terval, and directed recall cond 
point is the mean of 48 scores; ma 


A report the four visual stimuli fol- 
Piin by the four auditory stimuli. f An 
She. Was scored for each stimulus item 
th ent from the response or not recalled in 
[7 5 numerica] position dictated by the recall 
rder 
An alysis of variance found the pair recall 
d More difficult than the modality order, 
Ypical finding (Madsen et al., 1970, Exp. 
Feni Senf, 1969, Exp. Il & ub Senf X 
1971 "ch, 1970, Exp. II; Senf & Rollins, 
ett More notable results were that 
P A recall was inferior to digit recall, 
s d 46) = 333.1, p < .001 (letter mean 
2.03 3, SD = 10.37; digit mean = 18.78, 
i re 11.25), and that material interacted 
1 *call condition and interpair interval. 


Second effect is notable for its weak- 
. As seen 


Sp 


Completely absent was the 
interaction between recall order and 
Adhent np the original finding by 

igm 954) in the dichotic listening 
qoo Whereby recall of rapidly pre- 
, Materials js more accurate in channel 
a odality. ) order while recall of slowly 
Adae aos is superior in pair örder 
Stip DS, 197 al., 1970, Exp. VII; Senf X 

mu, 1) Thus, the usual effect of 

Fate found using six bisensory 
a Markedly attenuated using eight 
ereas Broadbent (1957) has 


Mean errors per S as a function of stimulus materi: 
itions for the preliminary experiment. 
imum score is 64.) 


qM  — — e PAIR 


MEAN ERRORS PER S 
m 
o 


15 a OMNE 
10 
5 
75 2.0 
INTERPAIR INTERVAL 
B. DIGITS 


interpair in- 
(Each 


interpreted the Stimulus Rate X Retrieval 
Method interaction as reflecting the or- 
ganism's natural tendency to store rapidly 
presented materials in channel sets and 
slowly presented materials in their order of 
arrival, failure to find this effect (together 
with the weak third-order effect with 
material) raises the issue of whether in- 
creasing the number of items has actually 
changed the method of item storage. Al- 
ternatively, the manner of storage may 
have proceeded as in the six-item case but 
the difficulty of retrieving eight items may 
have attenuated the usual interaction. 
Likewise, the fact that letters were found 
to be more difficult to recall than digits 
may stem from greater difficulty in re- 
trieving the more information-laden letters 
than from greater difficulty in storing them. 

The following experiment assessed 
whether the attenuation of the Stimulus 
Rate X Recall Order interaction and the 
greater difficulty in recalling letters result 
more from storage or retrieval processes. 
We assumed that a partial-probe recogni- 
tion procedure markedly reduces the role of 
retrieval processes (Kintsch, 1968; Mur- 
dock, 1968). If the attenuation of the rate 
effect results from retrieval processes, a 
strong Pair versus Modality X Stimulus 
Rate interaction should result. If letters 
are harder to recall than digits by virtue of 
retrieval processes, the recognition proce- 
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dure should find them as easily recognized 

as digits. 
We also addressed the additional issue of 
whether S can control his method of bi- 
sensory item storage independent of the 
stimulus presentation rate. Broadbent 
(1957) has argued that the rate at which 
items arrive at two sensory channels deter- 
mines the manner of item storage and, 
hence, the accuracy of various recall 
orders. Items arriving at rapid rates, e.g., 
interpair intervals of approximately .5-1 
sec., are easily recalled in channel sets but 
not as ordered pairs (actual order of ar- 
rival), Conversely, items arriving in pairs 
spaced further apart in time, e.g., interpair 
intervals of 2 sec., are more easily recalled 
as pairs than as channel sets. The authors' 
previous research has found these predic- 
tions, based primarily in the study of di- 
chotic, binaural channels (Broadbent, 1954 ; 
Bryden, 1962) applicable to the bisensory 
situation (Madsen et al., 1970, Exp. VII; 
Senf & Rollins, 1971). Further, recall 
order preference data (Madsen et al., 1970, 
Exp. I-IV), as opposed to recall accuracy, 
are also in line with Broadbent's (1957) 
mechanical model. However, other data 
(Senf, Rollins, & Madsen, 1967) have 
shown that instructional sets administered 
prior to stimulus presentation can override 
the effect of stimulus rate on recall order. 
Thus, Ss induced to view six bisensory 
items as audiovisual pairs recalled the 
items in pair (actual) order irrespective of 
the interpair interval; conversely, Ss in- 
duced to view the items as modality sets 
recalled the items in two channel groupings, 
again irrespective of the interpair interval. 
The authors (Senf et al., 1967) have inter- 
preted these results to mean that S can 
actually store items in accord with either 
organizational scheme and that the pri- 
mary effect Broadbent has assigned to 
stimulus rate is inappropriate, though other 
data have found that the effectiveness of 
the set manipulation was limited by task 
difficulty (Madsen et al, 1970, Exp. VI) 
making this interpretation more tenuous. 
" The experiment reported here used eight 
year th required tht Son 
stimulus items instead 
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either adjacent within a modality or audio- 
visual pairs, one can assess whether S can 
control his storage independent of the 
stimulus rate. For example, probing an 
audiovisual pair from eight rapidly E 
sented items, after directing S to store the 
items as pairs, should result in increase 
accuracy relative to probing adjacent og 
within a modality unless S is unable 
modify the supposedly "natural" moda i 3 
storage appropriate to the fast stimull 

rate (Broadbent, 1957). Similarly, probity 
adjacent items within a modality with m 
stimuli presented slowly, after directing ld 
to store the items as modality sets, shora 
result in increased accuracy relative to pro 


able 
4 ate 3 a eda anan 
ing an audiovisual pair unless 5 I5 V pair 


of recalling all eight items. On each trial, 
a two-item set was probed by presenting it 
with two foil item sets. This procedure 
can be thought to bypass or at least mini- 
mize retrieval processes. By probing items, 


, 
to modify the supposedly "natural Tus 
N i stimu 


storage appropriate to the slow 
rate (Broadbent, 1957). 


EXPERIMENT | 
Method 


Subjects. —lhe 00 Ss were 
elementary psychology classes 
lowa. An equal number of males at 
randomly assigned to treatments, but sex 
analyzed as a variable. D 

Apparatus and stimulus materials. 
contained four pairs of simultaneous 
auditory and visual digits or des 
audiovisual pairs. Half the trials w 
digits and half of letters. ‘The items for 
trial were selected without replacemen 
given stimulus occurred only once plack» 


t s0 “rne 


visual items were printed in GITON ter Ope 
type on Bell & Howell "Language ^ P yudiot py 


e recorded 


The auditory items w : 
wiltancously P 


These materials were 
means of a Language Master (#71 rds PPC fa 

5 ae ti arc x 
materials included probe-recognition C^ tjon- qol 


E 1 E senti 
immediately after the stimulus prese ^o 
grids € 


boxes represented spatially 
top row corresponding to the fo 
bottom row to the four auditory rep 

of one grid contained items accurate Y a ding 
the items of the stimulus. The Sp > item 
in the other grids contained inaccu exes? 
hence, were foils. The remaining j 
grid were left blank. The S's tas 


k was 


È : = 
Ss =. Ss ar = c 
A à A x» 
TRS.IESZSE Rie 
OMM e————————— 
m LG a os 


u3 

5 PAIR 

a PROBE 

e MODALITY 
PROBE 

o 

oe 

ec 

w 

z 

<q 

W 

= 4 

MODALITY PAIR 


SUBJECT'S SET 


A. 75-SEC. INTERPAIR INTERVAL 


Fic, 2. Mean errors per S : 
and probe type for Exp. I. 
score is 8.0.) 


indic, 
ate whic T ERES T , 
Which pe hich of the three grids contained the items 


Sti ad appeared in those grid locations in the 
mulus 


the x Fu foils on each probe-recognition card had 

Slowing form: One item was correct while the 
was Selected from one of the other six items 
în the stimulus. Each foil contained a 
y con Correct item, _ Selection of the incorrect 
Item wa ce an additional variable; the incorrect 

s or Selected either from the three remaining 
ne same modality as the correct item it 
nonshift lure) or from the three items of 
Any gheosite modality (shift lure). Both foils on 


ent 


fier adjoining (simultaneous) items 
in rt Modalities. Each probe type ap- 
Our locations. Modality probe locations 
" t two visual items, the second two visual 
auditors t two auditory items, and the second 
dio. items. Pair probe locations were the 
ombi pairs, Thus, all Ss received fac- 
ations of Probe Types (pair vs. mo- 

robe Locations X Lure Type (shift vs. 

TS and timulus Materials (letters vs. digits). 
blocke were administered in counter- 
“terial. Ween 40 trials resulting in a sequence- 
Ing also ee that was not analyzed. Probe 
Press Dendeng S not analyzed. j 
sg teq Leite OUS received trials with stimuli 
Dair a .75-sec. interpair interval ora 
d rin à condi and under one of two in- 
Neg dure Itions described immediately below. 
b An S's set was experimentally in- 


Dean Ps : T s 
‘Ns of instructions requesting that S 
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4 

MODALITY 
PROBE 

"E 

a 

E 

s PAIR 
PROSE 

$ 2 

5 

z 

<q 

I" 

ml 

MODALITY PAIR 


SUBJECT'S SET 
B. 20-SEC. INTERPAIR INTERVAL 


a function of interpair interval, instructional 
ch point is the mean of 15 scores; maximum 


attempt. to remember the items either as modality 
sets, all the visual items together and all the auditory 
items together, or to remember the pairs as they 
occur, a visual and an auditory item together. The 
‘Ss were encouraged to encode the items in this 
manner even if it did not appear to be the most 
efficient’ strategy. To encourage S to use the 
designated encoding strategy, he was administered 
a disproportionate number of probe-type trials con- 
sistent with the strategy he was to adopt. Thus, for 
mple, Ss instructed to store items in pairs re- 
ed 50% more pair probe than modality probe 
These additional trials were deleted from the 
data analysis. 

Immediately after the stimulus presentation, S 
viewed the probe-recognition card and orally indi- 
cated whether the top, middle, or bottom grid was 
the appropriate representation of the preceding 
stimulus. 


Results 


The means reported are average errors 
per S, maximum = 8.0. Question type 
interacted with set, Æ (1, 56) = 6.27, 
p < .05, modality set improving perfor- 
mance on modality questions (X = 1.84; 
SD — 1.9) compared to the Pair Set 
group's performance on modality questions 
(X = 2.80; SD = 1.58) as predicted. The 
Pair Set group, however, produced slightly 
more errors on pair questions (X = 2,36; 
SD = .92) than the Modality Set group 
(X = 243; SD = 1.67). Question type 


- 


also interacted significantly with interpair 
interval, F (1, 56) = 5.99, p < 05, the 
long interval producing more errors for 
modality questions (X = 2.73; SD = 1.44) 
than pair questions (X = 2.30; SD = 1.08). 
At the short interpair interval, per- 
formance on the modality questions 
(X = 191; SD = 1.41) was superior to 
that on pair questions (X = 2.19; SD 
= 1.58). The triple Set X Interpair In- 
terval X Question Type interaction, F 
(1, 56) = 4.68, p < .05, summarizing these 
effects, is presented in Fig. 2. 

At .75-sec. interpair interval, the pair set 
was generally disruptive, both pair ques- 
tions (X = 2.50; SD = .94) and modality 
questions (X = 2.27; SD = 1.55) resulting 
in more errors when S was set to view the 
items as pairs, compared to when the 
modality method of storage was employed 
(pair question mean = 1.88; SD = 1.98; 
modality question mean = 1.55; SD = 
1.18). The pair set was effective, however, 
in improving performance at the long inter- 
pair interval, pair questions having a mean 
of 2.22 (SD = .88) compared to a modality 
question mean of 3.33 (SD — 1.44); the 
modality set was shown to aid recall of 
modality questions (X = 2.13; SD = 1.16) 
more than pair questions (X = 2.38; 
SD = 1.25). A main effect of shift versus 
nonshift lures was also found, P (1, 56) 
= 10.99, p « .01, greater interference re- 
sulting from nonshift lures (X = 2.46; 
SD = 1.30) than from shift lures (X = 2.11; 
SD. = 1.47). 


Discussion 


The probe-recognition procedure restored 
the usual effect of stimulus rate; pair ques- 
tions produced more errors at the fast rate, 
while modality questions resulted in more 
errors at the slow rate. These results definitely 
support the hypothesis that the attenuation of 
the interaction between stimulus rate and re- 
call order found in 8-item recall (Preliminary 
Exp.) was due to retrieval processes rather 
than to an alternation in the manner of item 
storage, When recognition only is required the 
interaction appears. 

The modality instructional set was found to 
be effective in improving Ss’ performance on 
modality questions, while the pair set was 


PAMELA C. FREUNDL AND GERALD M. SENF 


shown to be generally disruptive for both pair 
and modality questions. An examination a 
the triple interaction, Set X Interpair Interva 
X Question Type, revealed the debilitating 
effect of pair set to be spe cific to the Ta 
interpair interval. The Ss instructed to ee j 
items as pairs at the fast rate were apparent y 
unable to do so, and this attempted gra 
worsened their performance on both pair 4 


: : v ality set, the 
modality questions. The modality M 
"natural" method of storage at the fas Sa 


1957), improved performance is 
"air questions were © E 
g was !n 


(Broadbent, 
modality questions. 
more accurately recognized when. 
structed in the modality set than 1n t i 
set condition. This result could be due t9 iiy 
storing items as modality sets ree 
retrieving analogous items from th ably 
dalities to constitute a pair. Presume od 
such a process is more easily 
than encoding the stimuli as pair s€ 
fast rate. 

At the slow rate, however, both instru : 
sets appeared to affect storage. Patt pa 
proved performance on pair questions s dis- 
dicted, while modality questions we unde" 
proportionately dificult to remember | i 
the pair set. Conversely, even re ea j 
recall has typically been shown t9 be the 
recall method at the slow rate (Madsen à 
1970, Exp. VII; Senf & Rollins, sort set? 
Ss were instructed to store in moda ; ro 
their recall of modality questions uu 
while they were less able to respon’ ac 
to pair questions. " rictat 

To summarize, although an 10S g ie 
set can be used to alter the encoding iy Wi 
at the long interpair interval, 1 "ets 99 E. 
be accurately stored as modality $07 pe t 


etional 
nat iota 


if 

; a. m annot epi 

as cross-modality pairs, items 5. je Pal 
. i " » sht je 

ciently stored as pairs at the S der rete at 

interval. Therefore, while patr pr t dl 


~ed 
5 .induc€ , 
of items can be prompted by an he 9^ raf 


the fast rate (Senf et. al. 1967) no apr 
manner of encoding the items does 
to be affected. 
The main effect of stimulus md rer eve 
in the preliminary experiments P not , 0 
difficult to recall than digits, ` 


; B 4 he m 
denced in this experiment. he pf? ne Wty y 
any effect of materials using "ue di crue 
nition paradigm suggests that g WO 2 


; digits 
ce 


i 
rėcalli sttere ative tc eS. p? 
recalling letters relative esse ved hift 


H > pro 
retrieval rather than storage ! f imp” on he / 
NET oe : TED 1 
The significant main effect jared t° pha 
. : 2C ipe M 
formance on shift items com] ni 
assu! 


items is easily explainec 


i a A 
CREER NAAR UM 
— 


x» feg 
» Mime Pons 
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ee T m item is a highly salient and, 
stimulus, aq ended charactere of a 
item as EN = ci could apparently identify an 
drawn RE SA, more readily when it was 
the item i - modality different from that of 
The CV were attempting to recognize. 

Bue, te data are consistent with the 
Tecall of lett Ne difficulty associated with 
cesses, AE works through retrieval pro- 
not only m im gnition procedure of Exp. I 
Preliminary € ified the recall procedure of the 
number of j experiment but also changed the 
eight to i involved in the response from 
the prodi, id. The second. experiment is like 
likewise aE one, requiring recall, but is 
üre Mad to Exp. Lin that only two items 
0 retrie Bee! N mA Il. If the effects attributed 

ev 
dence 
are du 
and ng 


al processes by virtue of their depen- 
on the recognition procedure of Exp. I 
i io the shift from recall to recognition 
) & two, 1e simply to the shift from an eight- 

-item response, the data from the 


all z 
le v D he procedure of Exp. I should mirror 


reci 


s Heal : 
ults of the preliminary experiment. 


Il 


ExPERIM 


ae ~The 60 Ss were students enrolled in 
ary psychology classes at the University of 


a, 

rande 1 Rh equal number of males and females were 
hal V assigned to treatments, but sex was not 
tic as a variable. No S had previously par- 


gi eaten À P'robe-recall cards containec singh 

b ach tint depicting the eight bisensory items. 

pick ink toe two of the item boxes were outlined in 

di bro SM indicate which two items 5 was to recall. 
the teco bi ore keyed to the probe locations tested 

tin tocedy, Emtion procedure in Exp. ; 

Sten Sa ice between Exp. I 


in- 
shift from the probe- 
p. l to the probe- 
Aside from the 
able, the second experi- 


Exp. L 


ssitated by the 
Ponse cards of 
© cards of Exp. II. 


me, LON ¢ 
ent a the lure- De va 
ize 3 d 
“ed the same design as 


le 
Means 
; “ans reported are average errors 


me 

p imum = 8.0, An error was 
eden stimulus item absent from 

€rie © Or not assigned to the proper 


al Hosts: 
Position (grid) appropriate to 1S 
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SORY ITEMS 


actual presentation position. Recall of 
letters (X = 2.82; SD — 1.17) was sig- 
nificantly more difficult than recall of digits 
(X = 2.07; D = 1.45), F (1; 56) = 27.39, 


p < 001. A main effect of question type 
resulted, P (1, 56) = 7.52, p « .01, pair 
questions. (X = 2.57; SD = 1.37) pro- 


ducing more errors than modality questions 
(X = 2.32; SD = 1.36). Interpair interval 
F (1,56) = 5.12, p « .01, was found to 
affect recall, the .75-sec. interpair inter- 
val (X = 2.13; SD = 1.04) generating 
fewer errors than the 2-sec. interpair inter- 
val (X = 2.76; SD = 1.58). No other 
effects were statistically significant. 


Discussion 


The probe-recall procedure of the second 
experiment restored the stimulus material 
effects found in the preliminary experiment. 
While the recognition procedure, presumably 
eliminating or minimizing retrieval processes, 
found letters and digits of equal difficulty, 
the recall procedures requiring either eight or 
two digits found letters more difficult to recall 
than digits. Thus, these data generally sup- 
port the proposition that stimulus-material 
ellects appear to act through retrieval as op- 
posed to storage processes. 

The absence of set effects, particularly the 
interaction with interpair interval and type of 
question (pair vs. modality), most likely re- 
flects the general attenuation of these varia- 
bles’ effectiveness in the eight-stimulus situa- 
tion similar to that found in the preliminary 
experiment. More than likely, the attenuation 
is due to retrieval difficulty, as supported by 
the findings of Exp. I that the recognition pro- 
cedure, minimizing retrieval demands, resulted 
in rate, set, and question-type effects. 

The following conclusions appear warranted: 
First, letters are no more difficult to remember 
(store) than digits, in line with Miller's (1956) 
thinking that both types of items, though 
different in information value, represent simi- 
ing units of higher 


lar units. However, outputti ig 
information value under high-load conditions 


appears to be more difficult. Second, the rate 
of stimulus presentation highly determines the 
manner of storage at the fast rate while E) s set 
can override the rate effect at slow stimulus 
rates. Finally, the role of both rate and set in 
determining the manner of storage appears to 
be masked w hen retriey al is accomplished 
under conditions of high information load. 
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DISTRIBUTION OF REPEATED AND NONREPEATED 
TARGET ELEMENTS AND SHORT-TERM 
RECOGNITION MEMORY ! 


JOHN C. JAHNKE? 


Miami University 


Strings of digits (Exp. 1) or letters 


sequentially at a 2/5 


y 
ec rate and were followed after brief, filled intervals by 


l) near span in length were presented 


binary recognition tests of individual elements and of pairs of elements. 


Memory was better for 


agle digits than pairs and for pairs of repeated digits 
than nonrepeated digits occupying corresponding 


positions in control strings. 


The more remote the occurrences of a pair of elements, the poorer the recogni- 


tion, regardless of whether the items of the 


the same (Exp. 11). 


Norman 
Senteg 
n ing 


and Wickelgren (1965) pre- 
& target set of five different digits, 
iis €rpolated interference set of eight 
. > and then gave a binary recognition 
.COmprised of a single digit or a pair 
Bp Af the probe was a pair of digits, 
adjacer 9 indicate whether the digits were 
or in iy the target set in the order given 
Was E a order, whether only one digit 
Wag i bi larget set, or whether neither 
haract de target set. Memory operating 
aged ox istics (MOK s) of the data aver- 
Der eee all serial positions showed that 
ance was better for single digits 
pairs; furthermore, the MOC for 

A , CIgits Was symmetrical about the 
y Na diagonal, whereas that for pairs 
) Ymmetrical, The different forms of 
e -5 Were taken as. evidence that 
ton Memory was different for single 
Ad pairs, Norman and Wickelgren 
Out (1965. p. 486) that the recogni- 
iene Pairs involved memory for 
5 and their order, while the 


Ad Exp. | were collected while the 
Neat 4 6795 Special Research Fellowship, 1-F3- 
the ths, ico ^, from the United States Public 
e the Human Performance Center, 
Furth SP Psychology, University of 
"ne, C B-8106 ae Support was received from 
F und; and GB-28702X from the National 
ation to Miami University. Robert 
ade many helpful comments on an 
* report of Exp, I. 
serints should be sent to John C. 
lent of Psychology, Miami Uni- 
' Ohio 45056 T 


or 
ity, ej" eDart 
"Ox 


an 


pair were different (Exp. I) or 


recognition of unordered pairs could result 
from the independent recognition of each 
digit. For a variety of reasons, however, 
the conclusion was reached that recognition 
of a pair did not proceed from the inde- 
pendent recognition of each digit; rather, 
data were interpreted as indicating that Ss 
coded and rehearsed the digits in sets of 
nonoverlapping pairs. Stated otherwise, 
it was presumed that some pairs were not 
attended to during presentation and, as a 
consequence, the strengths of these Pairs 
Were not increased. 

Donaldson and Glathe (1969) employed 
a method similar to that of Norman and 
Wickelgren (1965), except that probe pairs 
were always composed of digits that had 
been adjacent in the target set; S was to 
indicate only whether the digits were in 
the original or reversed order. Again 
memory was better for single digits than 
for pairs. Pronounced serial position func- 
tions were obtained and, more importantly, 
the MOCs for both single digits and pairs 
were symmetrical. Donaldson and Glathe 
(1969, p. 559) suggested that their test 
procedure for pairs removed a confounding 
of order and item information inherent in 
the Norman and Wickelgren procedure. 
For the Donaldson and Glathe data, at 
least, there is no reason to suppose that 
memory for single digits is different from 
memory for (the order of) pairs. In par- 
ticular, the retention of order information 
for pairs appears not to require an interpre- 
tation. in terms of rehearsal of nonover- 
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lapping pairs such as that advanced by 
Norman and Wickelgren. 

The two experiments to be reported here 
are similar to, and, in part, follow from, 
the studies described above. Near span- 
length strings of either digits or letters 
were presented and were followed by the 
shadowing of a small number of letters or 
digits, respectively. Binary recognition 
tests were given both for single items and 
pairs. However, the pairs were either 
adjacent or nonadjacent members of the 
target set, and S's task was merely to 
indicate whether or not the items were, or 
were not, both members of the target set. 
Thus, while S might retain order informa- 
tion about the target set, this was not 
necessary to performance on the task, 
which provides a measure of item infor- 
mation. Furthermore, the target sets were 
composed either of all different elements or, 
alternatively, the elements were all differ- 
ent but one, which was repeated but once. 


EXPERIMENT I 


It was the intent in Exp. I to determine 
recognition rates for: (a) individual ele- 
ments, and pairs of nonadjacent repeated 
elements and corresponding nonrepeated 
elements, and (b) pairs of nonrepeated 
elements as a function of the spacing of the 
items within the target set. lt is already 
known that when binary recognition tests 
are given for single elements, a repeated 
element is better recognized than is the 
average of the nonrepeated elements, 
occupying corresponding serial positions 
(SPs) in control strings (Wolf & Jahnke, 
1968). Experiment I extends that research 
by asking whether the pair of repeated ele- 
ments is also better recognized than the 
corresponding control pair. Further, Exp. 
I provides information on the recognition 
of pairs of different items as a function of 
the number of other items intervening be- 
tween the members of the pair in question 
(thelag of the pair). Studies of recognition 
and free recall of long lists of words and 
oe recognition memory (e.g., Melton, 
To Sep & Teghtsoonian, 1961) have 
fra ES were memory is poorer 

em, the two occurrences of 
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which are more remote from one another. 
Experiment 1 demonstrates such a relation 
for different items in memory sets near 
span in length. 


Method 


Subjects —The Ss were 10 paid volunteer bun 
students drawn from the pool of such Ss available 
to the Human Performance Center, Department © 
Psychology, at the University of Michigan. Non 
had previously served in a study of short-ter' 
recognition memory, or of the effects of intraserini 
repetition on learning or memory, or in a study | 
which digits were the stimulus elements. 

Apparatus and materials, —Stimuli wer EA 
digit strings presented on a bina-view display €" 
operated by a paper-tape reader. A total 9 
strings was presented to each S on each k 10 
consecutive days. (There were, additionally» 
practice trials before the start of the first 5€ su 
and 4 practice trials before the start © ' rials 
sequent on. Data from these pri 
were discarded.) "The strings were derive’ ange 
basic set of 860, each of which was a random dle 
ment of seven different decimal digits. Ha Ain 
strings were then converted to experimental - digit 
containing repeated digits by substituting ET e re 


c seven” 


in SP 2 (or 3) for that in SP 5 (or € T eis 
mainder served as control strings pa cacl 
digits). The four sets of 215 were pi unte 
S in one of two different orders, which were en 
balanced across Ss. ring? 
h set of 215 contained five blocks of 43 E 


of which 17 were control strings and 26 were" 
mental. Half of the experimental string? «5 
block contained repeated. digits in SPRE uch d 
half, 3 & 6. The strings were arranged po af 
neither à 2 & 5 nora 3 & 6 string followed HEC (ive 
such that there were no more than five €^ gigit í 
experimental or control strings. The am digit A 
one string was never the same as the ocup) je 
the next. A particular digit did not b T sine 
p, with but? con 


same SP in successive strings, anc sag, dese hh 
exception because of /'s error, ascending, (c enë 
ing, or alternating (e-g., 579 or 642) serie” it? 
greater than two were excluded d the © cof? 
Procedure.—On cach trial, S read ale ed let nd 


of the string and a set of four interpo, i » C ant? 
(one of the permutations of the letters ae Oe 
D) that immediately followed. de 
appeared at a 2/sec rate without up How 
the bina-view screen. Immediately v 

mes as / Y 
last interpolated letter b: A rhe 2er um 


Co 


c 


scale. Intertrial interval was aDi c og, 
during which time 5 gave her decision 
rating. The S was explicitly instr? wel 
when both members of a probe a pait = 
of the target set was she to regare ^ 


— 


OO re 


DISTRIBUTION OF REPEATED STIMULI IN STRM 


„For half of the 34 control string 

tive blocks of 43 trials, 
elements (So) in SPs 1-7 were each probed once, as 
Were all possible pairs (Soo) composed of the elements 
In SPs 2-6, Only these pairs of probes were used in 
order to keep the number of experimental conditions 
Manageable and to reduce the well-known effects of 
Primacy and recency on recognition memory 
i Onaldson & Glathe, 1969), Probes were "new" 
or the remaining 17 control strings of the two con- 
ecutive blocks. Of these, there were 7 whose 
theese Were single digits that had not appeared in 
igits Bet set (S,), : 9 whose probes were pairs of 

Jd only 1 of which had appeared in the target 
non), and 1 whose probes were a pair of identi- 


cal digi Ju ` ; 
Eu digits composed of a digit not included in the 
"Ret set (S,,), 


"Or bot ^2&5. t6: conditions there 
Were 9 h the 2 & 5 and 3 & 6 conditions the re 


he à meetings in the cycle of 86 trials, and again 
IN Or probability that a probe was old was .5. 
4 elements were probed only once in the 26 

Nees, as were the pairs composed of a repeated 
and cach permissible nonrepeated clement. 
git ir noted that the r "cognition of a repeated 
Margot ie ae based on either occurrence in the 
Sp Set, the one in SP 2 (or 3) or the other in 
ih 6). Otherw the different elements in 
Were cach probed once, as were all possible 
“ements from SPs 2-6. Probes were new 

E. : remaining 13 strings of both the 2 & 5 and 
i Conditions, and of these 13 there were 6 S, 
Yow and 1 S For strings where probes 


s in twi 
probes were old. 


consecu- 
The single 


un. 
Ne class Son, there were, in two consecutive 
trials, 3 whose S, digit was the 


o igit (on) and 9 whose S, digit was 
de 


remaining nonrepeated digits of the 
here lures (catch stimuli) were probe 
© Class Son, the old member of the pair 
Y often the first and the second member. 


Stim us 85 instructed to respond to the probe 
Wha She th rapidly as she could, consistent with 
Pressing x ought was a good degree of accuracy, by 
P > ; 
d ‘no") Ne of the two appropriately labeled ( 
Ur "s, fray? a aile 
m ^ rbal Left-right position of the ke 
a gi 


mber of the pair was new and 
if S res d "old" 4 
thee isha: wane if S re sponded old" to an 
Cr the q; 5 told she was incorrect. but. not 
igit had - 
N ich, "eeorded: o had appeared once or not at all. 
E y ~ S responses and response latencies, 


rea 
‘lect td to the nearest OL sec. from a 
“Te clock, 


ƏImilarly 


ece and false-alarm 
'gits are presented in Table 
9r the various experimental 
Orresponding data for probe 
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TABLE 1 
PERCENTAGE OF His AND FALSE ALARMS FOR 
TS 


INDIVIDUAL DiG 


Repetition 
structure 


| 86 | 92 | 97 
76 | 87 | 98 | 
73 | 99 | 94 | 92 | 


85 
96 | 
99 


ted item on which recor 
d, the same rece 
ated elements is shown at both relevant SPs, 


t Because the SP of the re 
nition is b. 
rate for rey 


pairs appear in Table 2. Table 1 shows 
that the correct recognition of individual 
elements was quite accurate and was a 
function of serial position and of repetition, 
The serial position data show some effect 
of primacy and a greater effect of recency ; 
the dip in the serial position function for 
control strings at SP 6 might be expected 
if the seven digits were being grouped into 
two or more subsets (cf. Posner, 1964), 
Table 1 shows that the recognition of a re- 
peated element in an experimental string 
Was equivalent to, or better than, that for 
any other element in that string. Further, 
the recognition of a repeated element was 
better than that of either of the correspond- 
ing control elements, False recognition 
rates were relatively low and much the 
same for the three conditions of repetition 
structure. These data for the correct 
recognition of single digits confirm those 
presented earlier by Wolf and Jahnke 
(1968). 

Table 2 shows that the rate of correct 
acceptance of a probe pair in control strings 
was usually lower, and was never higher, 
than that for either corresponding single- 
element probe. For experimental strings, 
this rate was sometimes intermediate he- 
tween the rates for the corresponding single 
digits. The correct acceptance of pairs 
also was very much a function of the parti- 
cular items comprising that pair. A com- 
parison of Tables 1 and 2 shows that a pair 
of repeated digits was less often correctly 
accepted as old than was a single occurrence 
of a repeated element; when, eg., the 
target string was 1948247, the probe pair, 
44, was less often accepted than was the 
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TABLE 2 
PERCENTAGE OF HITS AND FALSE ALARMS FOR Pairs OF Diciis ) E 
7 | | 
Soo | | 
Repetition a p ig Sem | Sm 
NIRE 2&3 | 2&4 | 2&5 | 2&6 | 3&4 | 3&5 | 3&6 | 4&5 | 4&6 | 5&6 l 
| | i EL arr m. ow 15 
Control si | vi | 67 | 62 | 7 | a1 | 72 | a1 | 76 | 79 | 22 | TU 
2&5 88 90 83 95 | 79 88 79 90 85 | 95 id 25 6 
! 70 | 63 | 90 | 91 | 89 | 90 | 93 | 91 | 89 | 7 | 5 
3&6 91 70 | 63 | 1 | | | | | w BS 
fete ing E. ition ra 
Note.— Because the SP of the repeated item on which recognition is based cannot be determined, the same recognition 


for pairs containing a repeated element is shown at both relevant pairs of SPs, 


probe, 4. However, supplementary anal- 
ysis not reported in detail here shows that 
this result stems entirely from the response 
bias of two Ss to reject probes composed of 
a pair of repeated elements. For the re- 
maining eight Ss, performance was equally 
excellent for probe pairs composed of the 
repeated element and for the corresponding 
single-element probe. 

It can also be seen, however, that a 
probe pair composed of repeated digits 
was more readily accepted as old than a 
pair of nonrepeated digits occupying cor- 
responding serial positions in control strings. 
A sign test of these data (aggregated over 
the two loci of the pairs of critical digits) 
showed that performance was better for 
repeated-digit pairs than for control pairs 
for 9 of 10 Ss, p = .022. These data in- 
cluded those of the 2 Ss with response bias 
and, therefore, represent a conservative 
estimate of the magnitude of the effect 
examined here. 

There are other features of interest in 
Table 2. For experimental strings accep- 
tance of probe pairs as old appears to be 
related to the presence of a repeated ele- 
ment in the probe pair. Correct recogni- 
tion was better for probe pairs that con- 
tained one occurrence of the repeated ele- 
ment (e.g., elements in SPs 2 & 3 in Cond. 
2 & 5) than for pairs that excluded the 
repeated element. Similarly, a catch 
stimulus that included the repeated ele- 
ment was somewhat more likely to be 
falsely accepted as old than was one that 
did not include the repeated element. 
Least likely to be accepted as old was a 
el Prim digits. composed of an 

at was not in the target set. 


" 5 US were 
Lures composed of identical digits 


t 
more readily accepted when the e. | 
string was a control string than when ra 
an experimental string. The data for ue 
pairs described above suggest that m. 
almost always knew what was € ob- 
digit in experimental strings. . these 
served data then would follow, sine? acia 
Ss would be expected to reject ond 
lures containing an erroneous renee | 

It may also be seen in Table 2 vd unc 
recognition of a pair of digits wan ie dat? 
tion of the lag of these digits clear&?, 
for control strings provide the NI Lol 
evidence on this matter, since the A 
repetition is not superimposed upo 
For ease of inspection the data nok 
strings are presented in graphic pait% 
Fig. 1. The performance on “esentia 
digits is shown at the point rep"? 
the mean SP of that pair; separa iffe 
tions are given for the pairs 9' o. 3 
degrees (d) of lag (d — 0, b ^ 


- 80 ^ ~ 
o 7 Se, 
uu L ~~ 
É ; | 
8 J 
4 
Som x oa? 1 
< poet 
z od? 
z a @ 
a a 
EP CONTROL STRINGS 
4 
2 3 (A 
n 
sERIAL POSITIONS! Mw 
xc i 
" ition of pak siti 
Fie, 1. Correct recognition |. i| P” 


peated digits as a function ° 
lag. 
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Pairs such as 2 & 3, 2 & 1, 2 & 5, and threshold. below which .Ss are unable to 

T€ 6, Tespectively). As can be seen in order their confidence ratings. Similar 
Fig. » adjacent items (d = 0) are recog- functions were obtained for adjacent and 
nized better than are nonadjacent items nonadjacent pairs and for the three con- 

0), and less remote nonadjacent items ditions of repetition structure when plotted 

are recognized Letter than are the more separately, 
ete. The one apparently discrepant Response latencies. —Analysis of means of 
Point, which could reflect sampling error, median reciprocal latencies for single-digit 
te or the probe pair composed of probes showed that response speeds were 
«SIN SPs3& 5, for which performance faster for repeated elements than other 

35 good as for pairs composed of ad- (nonrepeated) elements in those strings 
Jacent items, A related-measures analysis and faster than for elements occupying 

Variance was performed on the data corresponding serial positions in control — . 
ing mean performance for each S strings. The serial position function for 
gree of remoteness, Performance control strings provided little or no evi- 
er at lower degrees of remoteness, dence of bowing; performance was poorest 
eu. = 6.20; b<.01. A Newman- for the first element in the string and was 
d a p alysis showed that performance at — best for the last. 
@., end d=1 differed from that at Reaction times for probe pairs represent 

P p < .01 and .05, respectively. Qo. the time from stimulus presentation to the 
Probability, pve presented the a posteriori point at which S made her recognition 
all Pairs ki functions for single digits and response to the pair as a pair. llowever, 
and con li digits combined across all SPs for each condition for repetition structure, 
Th s “tions of repetition structure. responses were only very slightly slower, 
fron, ç Probabilities were based on data if slower at all, to digit pairs than to cor. 
SM . ang Sa probes for single digits and responding single digits. Responses to 
Reeng r and Som probes for pairs. Ad- probe pairs composed of the two occur- 
Were gro, CBOries on the confidence scale rences of the repeated digits were the 
pel, > °'Red, singe Some categories (e.g., fastest (in 3 & 6 strings), or next to fastest 
Kenty Were used very much less fre- (n2«&5 strings), of all in those experi- 
lig, than the others. The curves of mental conditions, respectively, and were 
Ons. ar to be continuously decreasing faster than to corresponding pairs in control 

' "FTO is no indication of any strings. 


—— Response speeds were examined as a 
Yoh i v TT) function of remoteness in control strings, 
AS. e— siot bicis At d — 0, speeds increased regularly. with 
E 4 AS oR | mean SP of the pair. Mean performance 
$ x | On all other pairs was about equivalent to 
N NX | that for adjacent pairs from the terminal 
Ser NN positions in the list, except for one pair 
E NN ] (SPs 3 & 5), where responding was more 
WS NN rapid than for any other pair. 
Fox c | 
l a ^N Discussion 
| 
| EN J The present study has shown that a repeated 
s ES digit was better recognized than either of the 
"s 1 digits occupying corresponding serial positions 
We PEE "3 ia a in control strings. Further, when Presented 
"va , RESPONSE Bi TEsone as a pair, repeated digits were more readily 
Post Eos recognized than was the corresponding control 
digite | Probability functions for single pair. Thus, it appears that the better recogni- 


and pairs of digits, tion of a repeated digit than of the average of 
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the corresponding control digits (Wolf & 
Jahnke, 1968) did not arise artifactually as a 
consequence of the recognition of the repeated 
digits’ being based on the trace strength of the 
strongest of its two occurrences or of the 
averaging procedure for control digits. It 
seems likely that repetition of an item serves 
to isolate that item and improve, thereby, its 
memorability relative to control items in the 
present experiment. 

Of interest is the fact that correct recogni- 
tion of a pair of different elements was a func- 
tion of the remoteness of the elements from one 
another. This result is independent of the 
effects of serial position, since it holds when 
remoteness is determined with SP of either 
the first or last member of the pair held con- 
stant (see again Fig. 1). It apparently is the 
case, therefore, that memory traces are stronger 
in some sense for adjacent than nonadjacent 
pairs, and that the greater the remoteness, the 
weaker is the trace. 

Another point of interest was the finding 
that the a posteriori probability functions 
were smooth, decreasing functions for both 
individual and pairs of digits. This finding 
suggests that there is no threshold below which 
responses cannot be ordered for either single 
digits or pairs of digits. To this degree, there 
is no discontinuity between the traces for 
either one- or two-clement probes. It should 
be noted, however, that the influential data of 
Norman and Wickelgren (1965) showed a dis- 
continuity in the a posteriori probability func- 
tion (and also the MOC) for pairs of digits, 
but not for single digits. This discontinuity 
was interpreted there as showing that memory 
for pairs was different from memory for single 
digits, presumably because Ss rehearsed the 
digit series as a set of nonoverlapping pairs. 
Present data show no need for either supposi- 
tion. The reason for the discrepancy between 
the Norman and Wickelgren (1965) data and 
the present data is not clear, since there were 
a number of procedural differences, including, 
particularly, that both adjacent and non- 
adjacent pairs were tested in the present study. 
Further, the present procedure presumably 
tapped memory for item information alone, 
whereas both item- and order-information 
presumably were tapped by the Norman and 
Wickelgren procedure. 


EXPERMENT II 


As noted earlier, it is well established 


that the recognition of a repeated element 
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as old is poorer the greater the number of 
other items that intervene between the 
two presentations of the item (e.g.; Shepar 
& Teghtsoonian, 1961). Experiment 
demonstrated an analogous effect ©) lag 
for probe pairs composed of different items 
in a situation in which S was require 
recognize whether both items of a patr wern 
members of the memory set. It was b 
purpose of Exp. Il to use again span-leng 
strings and the recognition technique Y 
Exp. I to confirm a lag effect when ps 
pairs were composed of two occurrences 
the same item. 


Method & 
ý e student? 
Subjects, —Vhe Ss were 40 undergraduate S uctor 
20 men and 20 women, enrolled in the ine ol 


psychology course at Miami University [ short 
the Ss had previously served in any study oF * 
term memory. 

Apparatus and. materials. ~The , 
that of Exp. I. The target stimuli, tained § 
cight-consonant strings, each of which dd ele 
single repetition of a single letter. Re ithe" 
ments occurred equally often in SP 4 SP 6 h 
SP 3, 4, 5, 6, or 7, or in SP 7 and either oe 
or 3. There were, therefore, two instance, 
of four lag conditions (lag = 0, 1) 2, ol rence? n 
items intervening between the two occur rft 
the repeated letter) and one instance 
lag condition (lag = 4); one each of the 
ditions was represented in cach succe” t 
nine trials. These choices provide two 
lag lengths, one of which increas Á 
the forward direction from SP 2 anc 
the backward direction from SP 7. 4 
number of potentially interfering items D 
first occurrence. of. the repeated eleme 
number subsequent to the secon, "of each 
held constant. Initially the elements o witho" 
were drawn without known bias d r 
placement from the set, cronJKLNO! mica o 
that its members were minimally. phone o au 
fusable among themselves. tuting ip 1 

»20f* 


. was 
apparatu? M. 
however : 


strings were then derived by subst of 
occurrence of the letter in cither < 
the item in the appropriate positio 
Procedure.—As in Exp. 1, Ss 508, aw S 
string as it appeared on the bina-V!€ s 
rate of 2 letters/sec, Each co! 
followed by the shadowing of pin 
digits drawn at random from Toy aP 
presented at the 2/sec rate), anc RES, pre vid 
of letters. There were four kin ^ ae 
two of which were to be identifie 
two, new, respectively: (a) 
rences of the letter that was POR hat Wo rt 
string; (b) CN probes, the letter 
and one of the nonrepeated letter 


n. 
dowe 


sonan 
I «c of 4 


fr a 
edhe ph 2-6: (e) ER probes, two occur- 
in the target Fa tie letters that was presented once 
N profes string in one of the SPs 2-6; and (d) 
S, the letter that was repeated in the 


target stri 
String ; x " A P 
e target S und at letter that was not included in 


ol present s For CN and EN probes, the order 
termined. e two letters was randomly 
Ne order in Re elters, then, were sometimes in 

and Sometime teh they Were presented in the string 

Probe Pairs Was not, Each of these four kinds of 

dition in con ts associated once with each lag con- 


secutive blocks of 36 trials, There was 


à total of 180 


Proper, and ql trials (strings) in the experiment 

in one of 4 Nese strings were presented to cach 
Preceded py wo ditter nt orders, “These trials were 
Which or SNC practice set of nine, the data from 
CN and E discarded. The primary purpose of the 
"ems of the ia Was to force S to attend to all 
Only y String. The use of CR and ER probes 


permitted S to attend to, and re- 


y, repeated eleme 
nes unc: elements. 
Daj; Wats inst 


qi » both mend Tucted to identify as old any probe 
i; Mber: eiii 1 od A 

the AEE set ee of which had been included in 
ay + Without regard to the order in which 


OCCurred. 
as new 
ale tha; Ww. 
etait. a Contides 
Of the ^. Procedure 
» response 
"ed ; 

C across s. 


» AIL other probes were to be 
lhe Ss were to rate on a A- point 
tee dn each decision. All other 
v except that the lateral position 
keys was not perfectly counter- 
5 were the sime as for Exp. I. 


Uu 
Mentitieg 


p 
n resa , 
Orrar ented in 


Ure 
a *COpnit; 
Ex ction a ue of repeated elements as 
er Sentoc ise ag. Separate functions are 
W h r the two lag conditions, one 


; ays included an item in SP 2 
Bon. 2) ond the d un item in sr 2 
lib € other, SP 7 (Cond. 7). 


Rg th het ome show that the shorter the 
fon "east !€ recognition performance. 
Shoe Sepa LES analyses of variance per- 
4 "e that oy for Cond. 2 and 7 
b 4, 156) =i effect of lag was significant, 
hay 1; in |, 6.38 and 21.16, respectively, 
lnc - cases. A Newman-Keuls 
€ data of Cond. 2 showed that 
V, 
NS E 0 
m oF Exe, u rak CONDITIONS 


2 - 0 " 
M $ [|-— ) i r 
| L 
ie 94 | odd 7| ss 
"op HC ug 005 | g 


DISTRIBUTION OF REPEATED STIMULI IN STRM 


o—o CONDITION 7 
4— CONDITION 2 


PERCENTAGE CORRECT RECOGNITION 


LAG 


Correct. recognition of pairs of repeated 
letters as a function of lag. 


Fic. 3. 


performance at Lag 0 was better than at 
Lags 2, 3, and 4, p < .01, in all cases, and 
that performance at Lag 1 was better than 
at Lags 2, 3, and 4, p at least <.05 in each 
case. For Cond. 7, a Newman-Keuls 
analysis showed that performance at Lag 0 
was better than at Lags 1, 2, 3, and 4, 
p <.01, and that performance at Lag 1 
was better than at Lags 2, 3, and 4, p at 
least <.05. Figure 3 also shows that per- 
formance was consistently better in Cond. 
7 than Cond. 2 at each lag; the more recent, 
on the average, the two occurrences of the 
repeated element are, the better the per- 
formance at any given lag. These data 
provide the basic results of Exp. II, and 
confirm, this time for repeated elements, 
the decreasing correct recognition with in- 
creasing lag observed for nonrepeated ele- 
ments in Exp. l. 

The question may be raised, however, 
whether or not the data of Fig. 3 involve 
differential response bias. OCs were 
plotted, therefore, according to the pro- 
cedures given by Norman and Wickelgren 
(1965). Probes of Type ER (probe pairs 
of identical items, item actually occurred 
once in the target set) supplied the data 
for false-alarm rates. The MOCS were well 
fitted by straight lines (by eye) on normal- 
normal probability paper. At Lag 0, the 
slopes were close to 1; how ever, the greater 
the lag. the less the slope. The d values 
obtained from the intersection of each 
MOC with the negative diagonal are shown 
in Table 3. These data are in general agree- 


Q3 
on 
t2 


TABLE 4 


PROPORTION OF “OLD” RESPONSES FOR PAIRS 
OF NONIDENTICAL LETTERS 


Lag 
Repetition | prope a — 
structure | | | 

& »113 | 3 
2 CN | .82 | 78 | .81 | .76 | .79 
EN | 26 50 | 30 | 26 | 27 
7 CN | 78 | .80 | .78 | 76 | .79 
EN | 38 | 45 | 38 | .37 | .27 


ment with those of Fig. 3: (a) performance 
is best at Lag 0 and decreases, although with 
some irregularity, with increasing lag; and 

(b) for any given lag, the later in the list 

the occurrence of the pair, the better the 
performance. 

The proportion correct acceptance of 
Type CN probes (a pair of items contained 
in the target set, one of which was the re- 
peated letter) and the erroneous acceptance 
of Type EN probes ( a pair composed of the 
repeated letter in the target set and a 
letter not contained in the target set) are 
shown separately in Table 4 for cach con- 
dition of repetition structure and lag. 
These data show, as might be expected, 
that the acceptance of CN probes was 
essentially constant across lag condition 
in both Cond. 2 and 7, in which the 
acceptance rates were quite similar. A 
comparison of the entries for CN and EN 
probes at each lag shows that Ss were biased 
in favor of falsely accepting EN probes as 
old. The bias was, however, relatively 
small, except perhaps for pairs at Lag 1 
in both Cond. 2 and 7 (items in SPs 2 & 4 
and 5 & 7, respectively). The data of 
Table 4 also suggest that the false accep- 
tance rates were higher for the pairs of 
Cond. 7. These data are presented for 
completeness. It will be recalled that the 
primary purpose of CN and EN probes 
was methodological—to force S to attend 
to elements of the target set in addition to 
the repeated elements. 

Response latencies.—Reciprocals of me- 
dian reaction times of correct responses to 
CR probes (repeated elements in the target 
m were determined for each S for each 
ag condition separately. This transforma- 
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to the data, except that in Cond. 2 t 
were one, one, three, and two Ss who faile 
to contribute data at Lags 1, 2: 
respectively, and that in Cond. PAE 
Lag 2. The missing scores were estin "n 
from each S's relative performance im 9 
then entere 
analyses 9 
Response 
related 19 
the effec 


3, and 4 


A -—— S 
tion normalized the distributions of -— 
and permitted each S to contribute equally 

7, one at 


lag conditions. “These data 
into separate related-measures 
variance for Cond. 2 and 7. 

speed was not systematically 

lag, and in neither analysis was se. 

of lag significant, P (4, 156) — 3 ately 
2.18, respectively, p = .10, approxima ies 
in both cases. However, response lare 
were less, as shown by another sepa i 
related-measures analysis of vanen 5 
Cond. 7 than 2, F (1, 39) = $103, 9-97 

For this analysis, Ss’ data were a2 

over only Lags 0-3, since Lag 4 was 
mon to both Conds. 2 and 7. 


GENERAL DISCUSSION à 
mee e 

The typical running recognition ign 
procedure (e.g. Shepard & Teg” long jist 
1961) is to present twice each of A ; ds, 
of items. As each item is presentet z asion 
identify the item as being new (0? us seco? 
of its first occurrence) or old (on its 
occurrence). This procedure : 


; a recomiiti he paired 97 
tion for the recognition of t P course to 


Imus 
p 


of a given item; the probe. 

item itself. ^ 
a 2 PRESS e 

decline as lag increases. rhe 1 


ry 

ie rate mene 

on the other hand, used à n test arl 
a 

span task adapted for recognitio", “ine Cpe 


sion iS 
Correct recognition 


1 m 
P Ago ut, H te 

only were the strings short, b ed of ! 

i was à Pe udin 


interest here » probe 
of interest here, the | 5 includ 


that either had or had not Ee eat 
memory set, were either adjac 
were either repeated or not. | 
reported here agreed in sh cleme” ogi I 
remote the occurrences of the ynitio™ dil 
i 5 rete i 

probe pair, the poorer the rece S ie wert 4 

f the P* n 

E : 


(Exp: © 


less of whether the items 0 
ent (Exp. I) or the same 

One explanation of the 
rated occurrences of the sam 


2 reri 
of qne ferent 


the greater the number pa 
the greater the retroactive 1" and the ihe 
first occurrence of the ite™, i 3 pce? ua 
the retention. This explanatio) 


og ne 
present. content, but does 
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factorily the known fact that while recognition 
Accuracy decreases with increased lag. free 
recall increases with increased lag (Melton, 
67). A more satisfactory explanation in this 
regard is that S is presumed to rehearse items 
in subgroups during stimulus presentation. 
1C follows that the first occurrence of a repeated 
Ex 'S encoded in a given context of items. 
E hen, since the items of context are different 
at the locus of the critical item's second occur- 
irre recognition accuracy suffers. The more 
fen the two occurrences of the repeated 
are, the more different are the two con- 
exts in which the critical item is encoded and 
E. Dore inaccurate is the recognition of the 
ical item as old (Madigan, 1969; Melton, 
in Ex Unfortunately, the lag effect observed 
easily p. I. of the present study seems not 
qM accommodated by such an interpreta- 
di ARES the critical items themselves are 
“Tent items, 
he 
of the 
Viously 
966). 


Present study also bears on an analysis 
Ranschburg effect. (RE) offered pre- 
(Jahnke, 1969; Wickelgren, 1965, 
It has been suggested that the RE, an 
'y effect associated with the recall of 
elements in a string of otherwise 
elements, stems. in part from S's 
© to recognize the repetition of an ele- 
during stimulus presentation. ln this 
uring” vias against repetition would exist 
that Ge call. Fhe results of Exp. 11 show 
Ment ^ $ ability to recognize a repeated cle- 
Even ae repeated declines as a function of lag, 
Strings near span in length, and are 


ent 
LT 
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results quite consistent with this interpretation 
of the Ranschburg phenomenon. 
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IS VISUAL IMAGE SEQUENCING UNDER VERBAL CONTROL? ' 


ROBERT J. WEBER, JOE KELLEY, asp SUSAN LITTLE 


Oklahoma State University 


Three experiments were conducted to examine the conjectu 
stleman in 1970 that sequencing between visual image 
verbal imagery (implicit speech) in the 


and J. C 


sometimes under the control of 


of saying a letter to oneself before visuali ing it. Verbal control of visu 
sequencing was investigated in alphabetic and word letter strings- 
with alphabetic letter strings were consistent with a 
However, results with word letter strin: 


control of sequencing, presumably bec 
to represent its several lette 


It is concluded that the visual imagery system has a limited c 
When this limited capacity 
here is implicit verbal control over visual image 


spatially parallel. representation. 
as in alphabetic strings, t 
sequencing. 


It has been suggested that nonverbal 
imagery (visual imagery would be an 
example) and verbal processes (verbal 
imagery in the form of implicit speech 
would be an example) are our two primary 
modes of symbolic representation. (Bower, 
1970; Paivio, 1971). In addition, one of 
the important problems of future research 
in cognitive psychology is seen as deter- 
mining how visual imagery and verbal 
processes are related to one another (Bower, 
1970; Paivio, 1971). In this paper inter- 
relations of visual imagery and verbal 
imagery (implicit verbal processes) are 
examined. By “visual imagery" we mean 
the ability to deal directly with memorial 
representations of spatial information, and 
by "verbal imagery" we mean the use of 
memorial representations of linguistically 
related information in the form of implicit 
speech (Weber & Castleman, 1970). Both 
imageries may be accompanied by sub- 
jective impressions of "seeing" or "speak- 
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In the visual imagery condition, Ss were 
asked to visualize rapidly the successive 
letters of the alphabet, with their eyes 
closed, as they appeared one at a time 
flashed on an imaginary movie screen. The 
Fate obtained was slightly more than 2 
letters ‘sec, This rate was in marked con- 
trast to verbal imagery rates with implicit 
and explicit speech, both of which were 
about 6 letters sec, in close agreement with 
values from recent work using more ob- 
J€ctive procedures (Weber & Blagowsky, 
1971). While these studies were highly 
Suggestive in pointing to separate imagery 
Systems for visual and verbal representa- 
tions, the variability associated with mea- 
s visual imagery rates underlined the 
feng for more objective procedures. 
nån vane study, W eber and Castle- 
edu 70) developed an objective pro- 
cha TES for dealing with visually imagined 
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POM letters of the alphabet were parti- 
etters Li two subsets, ier md 
fills er. 2; 0, f, ig hy J . y) and ve 


Che s. all letters (a, TM EET, 
bie Ss were instructed to visually imagine 
ers 


in alphabetic order, and to classify 
ifs ee letter for its vertical height. 
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nor with other evidence concerning fatigue 
ratings. 

However, verbal mediation may have 
been involved in a more interesting sense. 
In Weber and Bach (1969) and Weber and 
Castleman (1970), the sequencing between 
visual images may have been under verbal 
control. In fact, several Ss reported at 
the close of the experiment that they had 
to speak each letter implicitly before visu- 
alizing it. This would be consistent with 
the findings of Posner, Boies, Eichelman, 
and Taylor (1969), which indicate that Ss 
can use letter names to generate visual 
characteristics of letters. It is not clear 
how general such a strategy is, nor whether 
it is optional or obligatory. For long serial 
lists like the alphabet, perhaps implicit 
verbal generation is needed to establish the 
sequential order of items, since the ordering 
capabilities of memory for unrelated visual 
materials appear to be limited in compari- 
son to verbal materials (Paivio, 1971). 
Whatever the case, it seemed necessary to 
examine directly the possibility of verbal 
generation and control of visual image 
sequencing in ordered letter lists like the 
alphabet. 

Examination of visual image and im- 
plicit verbal relations is made possible by 
having an objective indicator for imagery 
(Weber & Castleman, 1970) and by the 
fact that implicit and explicit (aloud) 
speech take place at about the same rate 
(Weber & Bach, 1969; Weber & Blagowsky, 
1970). The experimental question con- 
cerns whether an aloud scan mode (saying 
each letter of a list before reporting its 
visual property) will result in the same rate 
of reporting visual properties as an un- 
specified scan (not aloud), in which S does 
not say successive letters explicitly but 
just reports their visual properties. If the 
rates are comparable for the two kinds of 
scan, then we would have evidence inde- 
pendent of subjective impressions that im- 
plicit speech can accompany the sequencing 
of successive Visual images in the not-aloud 
scan. This, together with the subjective 
impression of having to say each letter 
before visualizing it, would be consistent 
with the notion of verbal generation and 


control of visual image sequencing. How- 
ever, the implicit speech accompaniment 
might be purely ancillary, that is, without 
functional significance. So still another 
way is required to approach the question 
of verbal sequential control, and to this 
end we examine also the role of response 
indicators in denoting the spatial char- 
acteristics of visual images. Suppose that 
visual image sequencing is mediated by 
saying successive letters prior to visualizing 
them (the implicit speaking might be neces- 
sary to establish the sequential ordering of 
the letters). Then we would expect a 
spoken response indicator (YES or No as to 
whether the letter has the property in 
question) to be produced and output before 
the next letter could be implicitly named 
and then visualized (saying both YES/NO 
and speaking the name of the next letter 
could not take place simultaneously). But 
if the response indicator were written 
(a line '*/" for yes and a dot "." for No), 
then it might be possible to begin saying 
implicitly the name of the next letter and 
producing its image while executing the 
written response classification for the pre- 
ceding letter. This, of course, assumes that 
writing and speaking are at least partially 
independent of one another to the extent 
that Ss are able to say one thing while 
writing something else. 


Method 


Subjects. —The Ss were 48 undergraduate volun- 
teers who received extra course credit for their 
participation. There were 12 Ss randomly as- 
signed to each of four different between-Ss condi- 
tions. Two additional Ss were discarded for not 
following instructions and/or having extreme dif- 
ficulty in completing the task. 

Procedure.— Upon entering the experimental situa- 
tion, Ss were checked for their familiarity with the 
alphabet and given remedial instruction if necessary. 
All Ss were shown an index card with lowercase, 
typewritten, letters of the alphabet in random 
sequence, and then instructed to differentiate be- 
tween vertically large letters (YES responses) and 
those that were not vertically large (No responses). 
This distinction was similar to that used in the 
Visual Property conditions of Exp. II and III in 
Weber and Castleman (1970), although YES/NO 
ep nce ap a rather than the LARGE / 
een d ee study. During the experiment 
neei pod o imagine visually the letters in 

r and, as rapidly as possible, to 
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cach imagined letter as YES 'No, At the 
beginning of each trial, S started a remotely con- 
trolled Standard Electric clock when he was rend 
to begin and stopped it as soon as he had classifie 
the last letter of the alphabet. The 5 did not receive 
feedback on his times, but speed and a low error 
rate were emphasized. lf an error did occt ry it was 
pointed out to S at the end of the trial. This one 
stituted the Lowercase (LC) condition. In -—-— 
tion, there was a comparable Upperease (UC) oor h 
tion in which Ss distinguished between letters with 
lang vertical inea (By) E; Es M, Dua.» J wh 
quired ves responses and those without long Nep. 
lines (A, C, G, J, O, Q; .. .) which require’ 
respons fach S was to imagine both C a 
UC alphabetic lists alternated over 10 blocks o 
and UC trials. The I.C and UC conditions 
balanced for serial position across 59. phe 
There were also four between-S conditions: a 

first two involved scanning mode. An 5 er 
the alphabet by speaking it aloud. (SA) or bya 
specified, not-aloud (NA) procedure 1 
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Response time as a function of scanning mode, response mode, and blocks. (Left panel 


is for lowercase letters and right panel for uppercase letters.) 


right ordinate is the same infor- 
Chan i à time-per-letter basis. The 
€ tip € panel is for lowercase letters and 
(th ete hand panel, for uppercase letters 
Tesults i half of the left panel contains 
Will be "9" previous experiments that 
the ica Commented on later). The paren- 
re enro nber triple next to each function 
Me; 55 the mean, standard error of the 


n, an 
Processed he scan rate in letters per second 


Obaery at "ach mean is based on 120 
Stan o is (12 Ss X 10 Blocks); the 

" AT. . + 
Meas " error of the mean is a between-Ss 


Mean. ess Variability based on each S's 
scan rate is simply the re- 
mean. Errors (omission 
occurred for fewer than 
rs (a phase error was counted 
‘hose trials on which errors 
rect ee not temporally disparate 
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poker ate times are almost identi- 

Scanning (SA) and unspeci- 
NA), with F (1,44) < 1. 
with a PieniReant scan effect is 
ang, , PE view that implicit 
l Owen 'S involved in the NA con- 

er, the differences in varia- 


hility for the two scans do suggest at least 
some difficulty with assuming that com- 
pletely identical processes are involved. 

There is a substantial difference between 
WR and SR modes, F (1, 44) = 14.55, 
b «.01. Employing a WR mode takes 
much less time than an SR mode, even 
though writing is probably a slower re- 
sponse system than speaking. Again this 
is consistent with the view that sequencing 
between visual images is accompanied by 
implicit verbal processes. SRs appear to 
delay the hypothesized verbal control 
processes involved in generation and se- 
quencing between successive visual images 
of letters. 

Finally, the results for upper- and lower- 
case letters suggest that visual imagery 
rates are about the same for two quite 
different classes of visual forms, F (1, 44) 
= 2.56, p > .05. This would tend to in- 
crease the generality of prior findings 
(Weber & Bach, 1969; Weber & Castleman, 
1970) by suggesting that visual imagery 
rates are constant over fairly broad fluc- 
tuations in visual form. Just how large a 
variation in visual form would be possible 
before differences in rate occurred is open 
to question. None of the main effects 
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showed significant interactions with one 
another. 

Large practice effects are also evident in 
Fig. 1. This is in contrast to some other 
imagery tasks, as shown in the bottom half 
of the left panel. The visual imagery (VI) 
function is from Weber and Castleman 
(1970, Exp. 2) and did not require S to 
abstract the height properties of the letters 

“or to respond YES/NO. The procedure was 

entirely subjective; S simply stopped the 
clock when he had completed visualizing, 
one at a time, the letters of the alphabetic 
string. The large practice effects with the 
visual property task of the present study 
would seem, then, to be a result not of 
visual image representation but of abstrac- 
tion and/or overt response time. Both 
response conditions of the present study 
seem to be stabilizing somewhat above the 
VI condition, as would be expected if ab- 
stracting height properties and responding 
YES/NO takes additional time over visu- 
alizing letters. The bottom function is for 
verbal or speech imagery (SI) and also 
from Weber and Castleman (1970, Exp. 1). 
It simply required S to say to himself, as 
rapidly as possible, the letters of the alpha- 
bet and stop the clock when finished. H 
provides an estimate of the minimum com- 
ponent time that would be required of a 
verbal control letter-naming process in a 
VI condition. Hence, if the last five blocks 
of the visual property written conditions of 
this study are compared with the VI and 
SI functions, it is suggestive that the com- 
bined VI and SI times are close to the time 
for the written conditions. 

In reviewing the evidence for verbal 
control in the sequencing of images, per- 
haps most compelling is the multiple 
approach to the verbal control issue. The 
absence of a significant scanning effect 
(SA, NA) is consistent with an implicit 
speech letter-by-letter naming process in 
the NA conditions. The presence of a sig- 
nificant response mode effect (SR, WR) is 
consistent with an implicit speech process, 
generating and controlling the sequencing 
of letters, which is delayed by the overt 
verbal response of categorizing letters as 
YES/NO. And once again, there is the 
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strong subjective impression of having to 

sav each letter before visualizing it. 
‘A cautionary note is still in order. 

cone 
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In this experiment, then, response times 
9r speaking and w riting are assessed. For 
uture use, two different symbolic materials 
are employed: i 
Mary list con 

equivalents of vı 
OL YES/NO is, 
and dot, respei 


an alphabetic list and a 
isting of spoken or written 
No. The written analog 
as in Exp. l, a vertical line 
ctively. 


Method 
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used, i id procedure.—A factorial design was 
Response m Vypes of String (Alphabet, Binary) X 2 
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ible.) In the spoken alphabet con- 
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Sec às possible, 
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*hol 3 €sponses to equal the 26. For the 
fing, Jury task, S kept track by moving his 
Of fo ot new column on completion of cach cluster 
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As giver, the six trials of the first condition, each S 
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TABLE 1 
MEAN AND STANDARD ERROR OF THE N 
I 


EAN FOR 
BINARY OR ALPHABETIC 
PERIMENT Í] 


Pro 


Binary | 


| 2 | 


Alphabet 


Written | Spoken | Written. | 


| | Spoken 
| 9.37 7.50 | 12.87 | 471 
1.55 | 1.80 2.07 | 1.30 
| 


Means averaged over 10 Ss X6 trials for each condi- 


tion, SEy is measured in seconds, 


RO, OF 
parison 
binary 


= 99.02, p < .01. The main com- 
of a priori concern is that of the 
spoken and written conditions. 
Spoken responding is reliably faster than 
written responding, with correlated 
t (9) = 3.87, p < .01. 

The greater response time for the WR 
mode as compared to the SR mode for both 
the binary and alphabet strings reflects in 
part response times for different motor 
acts. The significant String X Response 
interaction can be interpreted as meaning 
that with written responses, Ss can execute 
the simple vertical lines and dots required 
by the binary task faster than the more 
complex curved lines required by the alpha- 
bet task. But when spoken responses were 
used, Ss could say the alphabet faster than 
the string of 26 alternating yes Nos 

These results suggest that the di rences 
between WR and SR modes of Exp. I may 
have been conservative, since in sheer re- 
sponse time (unaccompanied by a visual 
image task and with a completely regular 
alternation of YES No responses), written 
responding is slower than spoken respond- 
ing. It is, of course, possible to argue that 
sequences other than an alternating YES/NO 
would produce different results, that dif- 
ferent. sequential patterns would. interact 
differently. with the two response modes, 
but such effects, if they occur, are likely to 
be small indeed compared to the basic 
distinction between writing and speaking. 


EXPERIMENT III 


Experiment I indicated that sequentially 
generating the visual image representations 
of an ordered list like the alphabet is under 
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verbal regulation. But it is clearly the 
case that sequential ordering for at least 
some visual images is not verbally con- 
trolled in the sense of first having to say a 
verbal counterpart of each imagined item 
in thelist. Likely examples would include 
dreams, hallucinatory experiences, and 
visual reverie. Such images seem to have 
a sequential life of their own, and their 
content and order often defy verbal de- 
scription. Another case in which indi- 
vidual images do not seem to be under 
sequential verbal control would seem to be 
spatially parallel composite images, that 
is, images with several different individual 
components appearing simultaneously but 
separated in subjective space. An example 
would be a short word, the letters of which 
might be imagined at the same time. Thus 
the letters of the word “cat” might be 
represented in visual imagination sequen- 
tially "c," "a," "t," or simultaneously 
"cat." Extracting visual spatial proper- 
ties from a letter string that is sequentially 
generated (alphabet) may well be different 
from abstracting visual spatial properties 
from a letter string in which all letters 
might be represented simultaneously in 
imagination, as in a short word. 

In this experiment, the relative rate of 
abstracting visual properties from different 
types of letter strings, i.e., from the alpha- 
bet and from words, is measured under dif- 
ferent scanning and response conditions. 
By using two different scanning modes, 
spoken and nonspoken, and two different 
response modes, written and spoken, the 
presence or absence of individual verbal 
letter generation in visual imagery for word 
versus alphabet strings can be investigated. 
If visual image formation of the successive 
individual letters of a word is also governed 
by saying implicitly each successive letter, 
then relative scanning times should be the 
same for spoken and nonspoken scanning, 
and written responding should be faster 
than spoken responding. The rationale is 
the same as Exp. I. However, suppose the 
word name (together with the appropriate 
instructional set) is sufficient to arouse a 
Spatial simultaneously available visual 
image of the entire word (or at least several 
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letters of it). Then speaking each indi- 
vidual letter of the word would not be 
necessary prior to visualizing 1ts jet 
and an NA scan should take less time d 
a letter-by-letter SA scan. Also, the E 
ference between the SR and WR mo E. 
should diminish for the NA scan in M. 
parison to the SA scan, since in the (m. E 
condition full advantage could be taket E. 
the simultaneously available image vitae 
the additional potentially disruptive E K 
ess of saying each successive letter on 

a time. 


Method 
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Subjects —The Ss were 40 undergraduate Fintro- 
students who participated in order to fulfi Two PO 
ductory psychology course requirement. Id not 
tential Ss were not used because they f jotenti@ 
recite the alphabet correctly. One other p re 
S was not used because he could not learn 
sent imagined large and small lamore yectiV 
letters of the alphabet with yes and NO: tions: 
The Ss were assigned at random to com n 
10 Ss per between-5s vontdition: bay erimental a 
Design and procedure-—The ¢xper™ 4 theal ie 
used in this experiment involved the use ¢ o! 
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bet and 18 four-letter words; all words “ords (d 1 
ge w pat 
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fined a S : 1 Loree). and 
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of the words contained both vertically the "os 


small letters, e.g., "girl." From imago habet? ivè 
different letter strings (words and 
were to abstract visual properties 9 
letters. Thus the image "girl" would g : 
response sequence 


Modes (Written, Spoken) X 2 Scans Sr F 
String Types (Alphabet, Word). ast act? 
factors were between Ss and the 1 T. 
within Ss. mod t 
Each S5 was given several pati, fro" aut 
trials for abstracting visual propa cing 2 4 
letters of the alphabet and for @ E ru 


a ctic pi 12 
> E a practi” ete. qi 
properties from the letters of a t psu te 


spoken ready signal was given, HU. 
remotely controlled clock with where poii 
spoken cue ("alphabet"" or "N^ sus f? rece ol 
of the stimulus words). i che t 
rapidly as possible by classify! spe the i of pe 
letters as Y ro. The Æ also S yelling to ff 


a : isual property 
completion of the visual prol the 


word or alphabet, i.e, after This was oh [i 
fourth or twenty-sixth letter. gg in wh! ae yat 
from the previous two experimen we as ack, 
trolled the clock. The departit as mo im or 
because pilot data showed that i respo e ye 
than Ss in measuring the shor ant r 


E " +. ex perim 
volved with words in this expe 


VERBAL CONTROL OF SEQUENCING OF IMAGES 


times were Measured from the onset of the alphabet 
9r word cue to the response to the last letter in a 
String, To provide greater ccuracy in measuring 
Fesponse times, Æ also tape-recorded all response: 
and later played back the tapes at half-speed. The 

onses were recorded as usual. To 


75 Spoken r 
lape-record written responses, a soft lead pencil 
te on an aluminum sheet to which a 
Was taped. The distinctive sounds 
Y S's pencil on the aluminum sheet were 
Picked up and served to demarcate response 
» Again, S did not visually monitor his 


ae Was given 10 trial blocks. Each block was 
posed of 6 stimulus words of 4 letters each and 


One aly, | s W 
M alphabet string. This allowed for roughly the 
Same 


lette amount of work per block for both types of 
T String. (actually 21 lettore h ahs 
and 26 g (actually 24 letters for word strings 


etters for the alphabet string in a given 
Selected fi te 6 words for each S were randomly 
same 6 „2M the pool of 18, 4-letter words. The 
oa e s 5 appeared in each of the 10 trials given 
Sets of à ‘cular S, but different Ss received different 
ADpeara, Words to increase generality. The order of 

~ ince for words and the alphabet was ran- 


block) 


OMize 
Mized from block to block. 
Results 
iia S's mean response time across 
direc. Iz Calculated. In order to compare 
Vor Uy S's responses in processing the 
"esp and the alphabet letter strings, his 
uted ne times in each condition were com- 
Cach 3 a time-per-letter basis. Therefore, 


le, S mean processing time per letter was 


ur Z 
" Mt used in the subsequent analyses. 
SSsin 2 be seen from Table 2, the proc- 


Scan 5 Himes are slightly faster in the NA 
ition Mitions than in the SA scan con- 
Bie: ot P (1,36) — 5.53, 5 «.05, with 
n the variance coming from the SA 
?Mitions, l'rocessing times are also 
abet the Word condition than in the 
rin ton, P (1; 36) = 97.99; and 
tion y WR condition than in the SR 
Of pa rtis. (1: 36) = 46.01, both ps < 0t. 
hig ts in nae Interest are the interaction 
bn experiment, l'here is a sig- 
SPD OX String interaction F (1, 36) 
Faits 01, indicating the differ- 
a E Spoken and nonspoken scans 
Sig lphape, I the word condition than in 
pd ant g Condition. There is also a 
sponse x String interaction, 

P < 01, showing that 
SS between SRs and WRs were 


alphabet condition than in 


e, 
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TABLE 2 
MEAN, STANDARD ERROR OF THE M 


(SEx), AND 


| 


FUNCTION OF STRI) AN, AND 
Mope, EXPERIMENT IIT 
Response mode 
Stegana Spoken | Written 
M | SEw | Rate | M | SEw | Rate 
a | 
Alphabet | | | 
SA 1.01 | .14 .99 | 61 16 | 1.64 
NA — | 96 | 27 | 1.04] ‘60 F5 | 1.67 
Words | | 
SA 86] .10 | 1.16] 49 | .12 | 2,04 
NA -53 | .09 | 1.89] .47 | E | 2.13 
| | l 


ined by averaging over 10 Ss and 10 
is measured in sec/letter and rate is 


the word condition. Finally, there is a 
significant three-factor Response X Scan 
X String interaction, F (1, 36) = 11.20, 
b < .01, indicating the relatively unique 
character of word strings with SRs and NA 
scanning. 

Practice effects across trial blocks war- 
Tant comment. They were relatively flat 
for word strings, with no indication of a 
Condition X Practice interaction. The 
alphabet strings had practice effects similar 
to the corresponding conditions of Fig. 1 
Exp. 1, again with no indication of 
dition X Practice interaction. 


a Con- 


Discussion 


The equivalence of SA and NA scanning for 
alphabetic strings agrees with the findings of 
Exp. I and of Weber and Blagowsky (1970). 
The present results are also consistent with 
the notion that the visual imaging of in- 
dividual letters in an alphabet string is under 
verbal control in the sense that each letter is 
implicitly spoken prior to imagining it. In 
contrast, the results for word strings are not 
equivalent for spoken and nonspoken scanning 
and are therefore inconsistent with the notion 
that S implicitly speaks each letter of a word 
when using a nonspoken scan mode. Verbal 
control over the sequential generation of visual 
images of the letters is not needed with the 
word letter-strings used in this study. Instead, 
on the basis of a word's spoken name, S may 
visually generate the word as a whole, ’ 


or at 
least with more than one letter at 


a time 
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simultaneously represented in visual imagina- 
tion. The S could then scan left to right for 
the visual properties of the simultaneously 
available letters without having to fall back 
on implicit verbal processes. This is indeed the 
subjective impression of what is done. The 
time advantage with nonspoken scanning 
would arise because the names of the in- 
dividual letters constituting the word would 
not need to be verbalized, since the visual 
image representation of the word would be 
simultaneously available prior to scanning in- 
dividual letters. Hence, with word strings the 
verbal YES NO responses should be comparable 
in rate to the written YES, NO equivalents, as 
is the case. Mong these same lines, the se- 
quential generation problem disappears, even 
for alphabet strings, if the string is perceptually 
available. Weber and Kelley (1972) have 
found that the spoken. written difference for 
the visual property task disappears when the 
alphabet string is visually present in front of 
S. They hypothesize that the sequential order- 
ing problem is handled in that case by left-to- 
right eye movements over the string rather 
than through the use of implicit verbal pro- 
cesses as suggested here. 

While the processes suggested for word and 
alphabet strings in the present series of experi- 
ment may seem dichotomous, it is likely that 
scanning a long polysyllabic word for the 
visual properties of its letters would be part 
way between the limiting cases of short familiar 
words versus long serial alphabetic lists. We 
would expect spatially parallel visual image 
representation to be possible within familiar 
letter clusters with a one- or perhaps two- 
syllable name, but sequencing between syl- 
lables for longer words might well be under 
verbal control, as with the alphabetic strings. 
Thus the visual property scanning of the im- 
agined lowercase word “oklahoma” might allow 


KELLEY, AND 8. LITTLE 


for the spatially parallel visualization of letter 


within a syllable, while the sequencing be- 
tween syllables would involve verbal processes 
This w ould certainly seem to be the ease with 
a word like ‘supercalilragilisticespialidocions 

The picture that cmerges is of a visual in 
system with a capacity for ria 
spatially parallel representation (Paivio, 1 Nord 
When a familiar letter string with a § r 
name falls within that capacity, visual B. 
sequencing is not verbally generated. 


agery 


d ae capacit) 
when a letter string exceeds that ca come 
sequential generation and ordering . under 
necessary and visual imagery ea rm 9 

T Ee a [6 
the control of verbal imagery 1n the 
implicit speech. 
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ENCODING PROCESSES 
VISUAL SEARCH! 


JANE MARANTZ CONNOR? 


Vanderbilt 


In two experiments using 
tween presentation of memory and test 
serial memory-set encoding stage was 
memory-set size on reaction time (RT) 
number of comparisons to be performed. 


an S. Sternberg paradigm, test-set size 


University 


and delay be- 
sets were varied. The existence of a 
inferred from the observed effect of 
over and above its contribution to the 

In Exp. I, in which digits were used, 


items in the test set appeared to be encoded in parallel, as the only contribution 


of test-set size to RT wa 
II, the auditory and vi 


i Sever; 


il lines of research indicate that 
Visually 


aS it is Presented material is transformed 
and E fiue in memory. Sperling (1960) 
Partial erbach and Coriell (1961) used a 
'achisi report technique to show that 
avag OSCOpically presented items are 
"able to S in à visual sensory infor- 
Ore that decays in about .5 sec. 
Stax, ie display is followed by a bright 
fere, T sure field. Using a h same-dif- 
Bitin, Procedure, l'osner and Keele (1967) 
a Single In that the visual information from 
this in euler decays in about 1.5 sec, when 

Ormation is not relevant to task 

°rmance, 

term v €Xperiments suggest that. short- 
Uter 'emory (STM) is auditory in char- 
: Sing written recall of visually 
etters, it has been shown that 
Similar letters are more likely 
ad ce than visually similar letters 
ad 964; Wickelgren, 1965). More 
y gi Made also in the recall of audi- 
jg af lists (Conrad, Baddeley, & 
j. Onrad & Hull, 1964). 


ri y 
"on 


d "Sed a model for STM based on 
~ Version or : ns UR 
Re of the rapidly fading visual 
le. TAM 
Eg thor wy; p 
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s in the number of comparisons to be made. 
sual confusability of the items in both sets was varied. 
Evidence of a serial test-set encoding stage was obtained at the 


In Exp. 


shorter delays, 


image into an auditory image that is 
subsequently maintained by rehearsal. 
Experiments in memory and visual 
search have generally ignored the properties 
of the encoding process, which transforms 
à visually presented memory item into an 
STM representation. In search studies, 
Ss typically have several seconds to study 
the memory list before the test items are 
presented. Sternberg (1967b) found that 
reaction time (RT) in this paradigm is a 
linear. function. of the number of com- 
parisons to be performed between memory 
and test items. If s is the number of items 
in the memory set and d the number of 
items in the test set, then negative re- 
sponses are predicted by the function 


RT = a + bsd, [1] 


in which b is the mean time per comparison 
and « is the time required for all other 
processes. 

Varying the visual clarity of a single test 
stimulus, Sternberg (19672) established the 
existence of a test-stimulus encoding stage. 
The clarity of the test stimulus increased 
RT, but had virtually no effect on the rate 
of memory search. This result and others 
led Sternberg (1969) to propose the four- 
stage model of memory search shown in 
Fig. 1. 


EXPERIMENT I 


The first experiment sought evidence for 
the existence of an additional memory-set 
encoding stage by varying the amount of 


Y 


TEST 
STIMULUS 
INPUT 


TEST-STIMULUS 
ENCODING 


SERIAL 
COMPARISONS 


BINARY 
DECISION 


TRANSLATION 
AND RESPONSE 
EXECUTION 


RESPONSE 


Fic. 1. Model of memory search proposed by 


Sternberg (1969). 


delay between presentation of the memory 
and test sets. It was assumed that the 
encoding of the memory set requires time 
proportional to the number of items con- 
tained therein. When a short delay sepa- 
rates the presentation of the memory and 
test sets, the encoding of the memory set 
cannot be completed prior to the presen- 
tation of the test items, and hence addi- 
tional processing time is required in pro- 
portion to the number of memory items. 
For negative responses, RT is predicted to 
conform to the following relation : 

RT 2 


a + cs + bsd, [2] 


in which a, b, s, and d are as previously 
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defined and c, the mean additional time 
necessary to complete the encoding of each - 
item in the memory set, should be ins 
versely related to the amount of the delay 
(The data for positive responses Mo 
analyzed for linearity and consistency M 
the negative responses. However, e 
unsettled question of a self-terminating 


„rtain how 
exhaustive search makes it mesa m 
many comparisons are per formed ES 
Ws à 2 
tive responses. Thus parameter d the 
and model fitting were restric tec 
negative responses. ) 
Method : D 
m avs betwead 
Design and procedure.— Vhree wu eat 
offset of the memory set and onset 9 con 


(150 msec., 500 msee., and 2,000 msec ) he 
bined pupa with four levels of memory, 3, 
(1, 2, 3, and 4), four levels of test-set Es nd ‘n 
and 4) and two response types (positive 2 ‘receiv 
tive). The Ss served for 10 ses ons anc 
all96 conditions during each + 
from the first session were con 
and were not included in the analysis | 

The memory set was presented for 


see"! 
200 n ying 


the v50 

followed by a postexposure field Qo of a 

delay (thus yielding. interstimulus Oen NT M 
s and 2,200 msec.) @ hree fie 


The luminance of 3 
adjusted to 30 ftl. 
ach session was divided in 


test sct for 2 sec. 


Ss were instructed to respond a: 
of the test set as possible 
accuracy. 

Stimuli,—Six sets of 32 pairs of c 
pared, cach set containing 
test-set size, memory-set size 
The stimuli in the test and me 
randomly drawn from the digits sae 


A-59, dry transfer). On positive a 
target appeared i in the test set. er : 
of the target item in both sets Was ts in cit cd in 
mined. There were no repeated digit? arant [o 
The items in the memory set Wig poing p 
horizontal row 1.3? above the fixati wW Vm al 
in the test set were in a horizont, 5 ME E 


Each digit we e £ : 
; complete siti ON ve 
fixee | aet. at! 


the fixation point. 
maximum of 12/ wide. ^ 
digits subtended 1.5°. Four 


eac yO 
k ; i r » tM 
defined in the horizontal row 2 of the vis 
set contained only one digit, OF m 
"E 
SSS a 7 n "o 


* Briggs and Blaha [Eus pont the ge n 
tionship in an experiment in W ‘an: The ge 
was kept constant in each i š 
c was interpreted as reflecting 
time. 


vere used, for three digits two middle and 
On(s) were used, and for four digits 


ere used, 
S, Paratys — 


The stimuli were presented to S in 
rototype (Model GB) three-channel 
© A switch activated by S initiated a 
i qurered à Standard Electric timer ac- 

e "est .01 sec., which stopped when 
activated by the verbal response 
No") of S. | 


istos... 
tial, Cope. 


NN 
TIG SOURCES OF VARIA 
ins TREND Compo: 

" "XPERIMENT I 
EXPERIMENT 
E Ea [c 1 sek Ga 
| df | Sums of squares | F 


Ince 


—————--4 
16997 E 
3148 |a 
43080 FIN 
1| 41501 (96, 
2 1498 ( 3. 
75 


5 

5230 (99,9%) 
45( 1%) 
5 


1775 
1429 (80,5%) 
346 (19.5%) 
1992 32.8 
1714 (86.0%) 
278 (14.0%) | 


2485 (87.20%) 
364 (12.8%) 
1454 | 
608 (41.8%) | 
336 (23.1%) | 


Ol, 
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v 
d=4 ind 
1000, DELAY = 350 MSEC. EN DELAY = 2200 MSEC. 
d=3 T 
5 
. 9007 T 
g 
w 
v 
= 80 + 
E | 
E owl | 
« 
2 
- 600+ ry 
= 
500}. | 
t 
T—— —— r — 4 - + ——— 
1 2 3 4 1 2 3 4 
MEMORY SET SIZE 
Fig > " T á 
16.2, Exp. 1. Mean RT for negative responses as a function of memory-set size, test-set size, 
and interstimulus delay. (Lines are based on Equation 2 and Table 2.) 
sitions WT 3 on n ; à 
sition vas used, for two digits the two middle Subjects.—The Ss were seven male and five 
S w 


female undergraduates paid for participating, 
Results 


Mean RT of the correct responses was 
computed for each S and experimental 
condition and submitted to an analysis of 
variance. (The overall error rate was 
3.1%, with only slight variations across 
experimental conditions.) The significant 
sources of variance and the orthogonal 
trend components are shown in Table 1. 
Of particular interest was the finding of a 
significant interaction of delay with mem- 
ory-set size and with no other experimental 
factor. Rate of memory search increased 
with increasing delay, whereas rate of 
visual search was unaffected. This result 
was taken as reflecting the existence of a 
serial memory-set encoding stage, and 


TABLE 2 


ESTIMATES OF MEAN ADDITIONAL TIME PER MEM- 
t FOR COMPLETION OF ENCODING (c), 
"IME PER COMPARISON WITH A SINGLE 
T ITEM (b), AND INTERCEPT 

(a), EXPERIMENT I 


Dey — | c | b | a 
" iaa ği " EA 
350 msec. 58.0 18.5 520 
700 uos 19.2 24.5 | 570 
2200 msec. 7.3. 23.1 647 


imates are recorded in milliseconds. 
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ENCODING 
OF 


TEST MEMORY ITEMS 


SET 


COMPLETION OF 
MEMORY SET 
ENCODING 


SERIAL 
COMPARISONS 


BINARY 
DECISION 


TRANSLATION 
AND RESPONSE 
EXECUTION 


RESPONSE 


Fio, 3. Proposed model of memory search. 


least-squares estimates of parameters a, b, 
and c of Equation 2 were calculated. These 
estimates are shown in Table 2, and the fit 
to the data using these estimates is shown 
in Fig. 2. The additional time required to 
encode the memory items, c, decreased with 
increasing delay, whereas the time taken 
for each memory- and test-set comparison, 
b, was 6 msec. less at the shortest delay, but 
otherwise invariant with delay. The in- 
increase in parameter «, the time taken for 
all processes other than comparisons and 
encoding, with increasing delay is inter- 
preted as the result of the increasing tem- 
poral uncertainty in the three delay 
conditions, 


W 
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Estimates of mean comparison time, b. 
were obtained for each level of memory-set. 
and testset sizes after subtracting the 
appropriate estimate of mean encoding 
time (Table 3). An analysis of varie 
of these comparison time estimates 1 
cated that the average estimate obtainec 


22.1 


from the memory search functions e 
msec.) was less than that of AN nt. 
search functions (26.2 mse Subsets 

tests on the significant Type of Sei 


(Memory or Visual) X Numbers o 
in the Set interaction also indic: 
mean comparison time estimated — 
memory search functions was gre e? 
there was one item in the test 5° 
shortest when there were two. 


Discussion 


The results of this experiment ee 
preted in terms of the model shown I 
This model differs from Sternberg - 

(see Fig. 1) only in the first stae ured 
difference reflects differences in Ui sie oxi 
the experimental manipulations: e! 
ence of a serial memory-set encod > i 
the present experiment was inferre: y sear 
observed decrease in rate of ieman tatio 
with decreasing delay between ern 
of the memory and test sets. zd 


gulat? 


pos 


TABLE 3 


: ox. ‘TIM 
Estimates or MEA CowrARISON, T ; 
FROM MEMORY SEARCH AND E 
FUxcrioxs, EXPERIME 
| Memory search 
Delay | 
Mean com- | y 
d parison | 
time -— 
ERE NES = 
| | 4 
350 msec, 1 23.9 | 3 
ro | i159 | s 
P o3 20.7 1 
4 18.2 
1 
700 msee. 1 | 302 j 
2 | 1094 3 
3 25.1 Ri 
1 2x8 
84 4 
2200 msec. 1 28. 2 
3 17.2 3 
| 3 25.8 1 
E 22.1 
; 4 i a 
! „conii 


m iis 
in mill 
Note. Estimates are recorded in 
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that memory Comparisons are performed on 
the output of the encoding stage, i.e., on the 
representations of the targets in STM. Other- 
wise, Doth memory and visual scarch would be 
affected equally as delay was varied; in fact, 
only memory-set size and delay interacted. 
1967, o coding of the test items (Sternberg, 
fa) in this experiment was apparently 
Performed in parallel. since the main contri- 
aition of the number of test items to RT wa 


s 

In x ow 8 

hs the time required to make the necessary 
OMparis ; 
MParisons between memory and test items 


“uation 2). 
TRU tt clear that all of the 
Out pri gof the memory items must be carried 
Possibirr. ud the Start ol the comparisons, The 
Dresses is. f Some time sharing of the two 
fim. ES I5 indicated by the faster comparison 
4 Ye shortest delay in which the encoding 
Was greatest (Table 3). 


is not 


additional memory item 
extra encoding and comparison 
T e extra comparison time was w 
t item Meh as that required by an additiona 


Experiment H 


hr Purpose of the second experiment 
the En Investigate further factors affecting 
Den pe UNE and comparison stages in 
we q^. Td. visual search. Several Ls 
lop, "Cen Concerned with effects of audi- 
And visual confusability on memory 
"d Search processes. As opposed 
ed effect of auditory confusa- 
‘on ted in recall tasks (Conrad, 
-Ohrád et al., 1966), visual confusa- 
Or in Pears to be a more important 
ty arch tasks than auditory con- 
Nater, 19 bot & Calfee, 1969; Chase & 
19, !Tueger, 1970; Neisser, 1963). 
Se, Sua] feat Proposed that comparisons 
< ites formed the basis of visual 
Scanning performance. — The 
“Ia Ob auditory confusability in 
» then, might not be directly 
ls erig Parison process but rather 
th S of the encoding process. 
jg "iu of forming memory 
ulus 7 28 automatically enrich 


"^ adding auditory infor- 


EN 


Aen 


i cffe 
j task 
Ue is ask 


CX ae l^e 
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mation, then auditory confusability would 
be expected to increase encoding time but 
not necessarily comparison time. Thus it 
was predicted that visual confusability 
would increase comparison time while 
auditory confusability would increase en- 
coding time. 


Method.—Thre 


msec., 700 msec 


levels of interstimulus delay, 350 

ind 2,200 msec., (during which the 
memory set ilable for 200 msec.) were 
factorially combined with three levels of memory- 
set size (1, 2, and 4), three levels of test-set size 
(1, ind 4), three types of material (auditorily 


confusing, visually confu ing, and neutral), and 
two response types (positive and negative). The 
auditorily confusing letters (m. C I E. d. 


Z, D) were chosen from Conrad's (1964) error 
matrix, The visually confusing set (B, C, D, G, O, 
Q, R, U) was defined by an a priori overlap measure 
(Chase & Posner, 1963). These sets of letters and 
the neutral set (A, D, H, I, M, O, Y, Z) were closely 
equated for relative frequency of occurrence in 
English and naming time of the letters, Letters in 
the memory and test sets were drawn at random 
from the appropriate set for each trial. 

Each of 12 Ss served for 10 sessions, cach session 
containing one observation unde all 162 conditions, 
The first session. served as practice. Trials were 
blocked by delay, and within a block all three types 
of material were randomly presented. The ap- 
paratus, experimental procedure, and design of the 
cards were otherwise identical to Exp. I. 


Results.—Mean RT of correct responses 
was computed for each S, and condition 
and submitted to an analysis of variance. 
(Overall error rate was 5.2%. The small 
variations in relative frequency of errors 
across conditions paralleled the RT vari- 
ations.) Linear components accounted for 
a large percentage of the Variance in the 
data both in the main effects of memory- 
set size and test-set size and the higher 
order interactions of these factors (Table 
4). Thus a linear model was fitted to the 
data. Unlike Exp. I, however, it was 
necessary to include a linear component of 
test-set size in addition to the linear com- 
ponents of memory-set size and the product 
of the two. (Note the significant Memory- 
Set Size X Test-Set Size X Response Type 
X Delay interaction in this experiment.) 
For negative responses, the following model 
was fitted to the data using least Squares 
procedures 


RT =a -Ees + ed + bsd, 


[3] 


TABLE 4 


SIGNIFICANT SOURCES OF VARIANCE AN 
ORTHOGONAL TREND COMPONENTS, 
ZXPERIMENT II 


Source df | Sums of squares | F 
1 | ae 
Material (Ma) 2 6244 | 24.8 
onse (R) 1 80170 94.7 
Test set (T) 2 168,178 103.7 
Linear 1 167,664 (99.7%) 
Nonlinear 1 514.( .3%) 
Memory set (Me) 2 238,024 151.3 
Linear 237,608 (99.8%) 
Nonlinear HIG (2%) 
Ma X Me 4 1203 3.9 
Ma X Linear 1097 (91.2%) 
Ma n Nonlinear iv (8.8%) 
RX 2 17,61 28.9 
E T Linear o. um (99.3%) 
R X Nonlinear 118 ( .7&%) 
R X Me 2 8230 21.2 
R xLinear 7277 (88.4%) 
R X Nonlinear | 950 (11.6%) 
Delay (D) X T X Me E 3269 s3 
D X Linear X Lincar 2 2846 (87.0%) 
D X Linear X Nonlinear 2 301 ( 9.2%) 
onli 2 104 (3.2%) | 
D X Nonlinear X Non- | 
linear 2 18 65 %) | | 
Ma X T X Me 8 1938 4.5 
Ma X Linear X Li 2 563 (29. 1%) | 
Ma X Linear X N | 5 313 (2136 
Ma X Nonlinear X | 2 464 0390) | 
Ma X Nonlinear X Non- | 
linear 2 498 (25. T0 
D XR XT x Me 8 2251 | sa 
D XR X Linear X Linear) 2 1692 (75.2%) | 
D XR X Linear X Non- 
linear i 3% 107 ( 4.8%) 
D X R X Nonlinear | 
X Linear 2 315 (14.0%) 
D X R X Nonlinear | 
X Nonlinear t 2 137 ( 6.0%) 


Note.—For sources of variance, p < .01. 
in which s equals memory-set size and d 
equals test-set size. The parameter b was 
interpreted as mean comparison time, c as 
mean additional encoding time per memory 
item, e as mean encoding time per test 
item, and « as the time for all processes 
other than encoding and comparisons. 
These parameters were estimated sepa- 
rately for each material type and delay 
using least-squares procedures (Table 5). 
Mean RT as a function of memory-set size, 
test-set size, delay, and material type is 
shown in Fig. 4. The lines in Fig. 4 were 
drawn using Equation 3 and the estimates 
in Table 5 

Effects of material type appeared only 
at the longer delays where, relative to the 
neutral material, an increase in encoding 
time was observed for the auditorily 
confusing material and an increase in 
comparison time for the visually confusing 
material. As opposed to the relative 
independence of the encoding and com- 


parison parameters in Exp. I, a clear 
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trade-off relationship was obtained in Exp: 
II. Mean encoding time decreased, M 
mean comparison time increased with 
increasing delay. At the longest delay: 


A 5 a 
mean comparison time for the nee 
letters was similar to that obtaine 
Sternberg (19675). 


DISCUSSION 


The results of these two experime 
the existence of a serial encoding es ion 
operating on the memory set in a rin a 
memory experiment. This is reflecte mory- 
linear increase in RT as a function of me! 
set size over and above the time l 
compare memory- and test-set items W e. 
a brief interval separates the present? n tha 
the memory and test sets. The prediction oding 
auditory confusability would increase © mere 
time and visual confusability V would | Exp: 
comparison time was confirmed m ae 
However, the evidence for a se ti 
encoding process and the trade- off ett 
between encoding and comparison para 


stra i 
in Exp. l indicates that the relatively 10 | con 
3 is n so! 


forward model depicted in Fig. > d re 
pletely adequate. It is not considere petw 7 
able to assume that comparison? only 38 
memory- and test-set items require’ i 


msec. at the shortest delay. ons V d 
infi » ompariso! .am 
inferred that some of these C jen 
: or m 
completed during the 80 msec. per! 


TABLE 5 us O^ 
- L ] 
ESTIMATES or MEAN. COMP'ARISC I vant erg 
DITIONAL ENCODING TIME PER À to) and Pp 
TEM (e), AP og M 


TYPE 


CEPT (a) As A Fur 


TERIAL AND D 


Material type Delay 


Auditorily con- 350 
fusing letters 700 
2200 
Visually confusing | 350 
letters 700 
| 2200 
Neutral letters 350 
700 3 
2200 | 38. 
Digits (Exp. I 350 | 18. 
EOS SARUM 700 | 24 
| 2200 | 23 
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AUDITORALLY CONFUSING LETTERS 


1500. 
DELAY = 2200 MSEC 
1400; DELAY = 350MSEC | DELAY - 700 MSEC d=4 
1300: a 
9 d=4 
1200 
E d=4 
2 1100 1 A 
7 1000 Ay = 2 E a one 
b d=2 
t 900 pTi d=1 
d=1 
$ soo K á e * 
u 
= 700 
600 | 
NC NEC: 1 d 4 13 2 4 
MEMORY SET SIZE 
VISUALLY CONFUSING LETTERS 
1500; " 
DELAY = 350 MSEC EREN DELAY = d=4 


1400 id= 4} 2200 MSEC 
1300 t 
d=4 
1200 
1100 
1000 i Ain? | : 
à a 
x^ ; 


MEAN RT IN MSEC. 
Á— 
288 
NS 
3 
: 
x 
LI 
LJ 
m 
E. 
a 
: 
i 


a 
» 
> 


"L B = MN 


1 
MEMORY SET SIZE 


NEUTRAL LETTERS 


M 
1300| DELAY = 350 MSEC | DELAY = 700 MSEC | DELAY = 2200 msec 


LJ 
x x 
1200 see 
d=4 
1100 
" a 
von de? 4 & T dang 
ë d=2 
900 * i 
e. d=1 


MEMORY SET SIZE 


MEAN RT IN MSEC. 


Mean RT for negative responses as a function of 
. memory-set size, test-set size, interstimulus delay and material 
s are based on Equation 3 and Table 5.) 


dee esing "dditional encoding time. With of comparison time across delay in Exp. I, 
Eu Sed and "s additional encoding time it may be justifiable to interpret the estimates 
Ae es Hs the additional time neces- of c as the requisite additional encoding time 

ed, "hi * the requisite comparisons per memory item. The estimates of com. 
'S given the relative invariance parison and encoding time obtained in Exp. 


— o - ——— «| 
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Il, however, may not be so literally construed. 
The data strongly imply the existence of a 
serial memory-set encoding process as well as 
a serial comparison process, but the durations 


of these processes may not be strictly 
independent. 
The finding of a serial test-set encoding 


process in Exp. I was unexpected. Sternberg 
(1967a) established the existence of a test-set 
encoding process. But as he used only one 
item in the test set, there is no evidence for 
this being either a serial or a parallel process. 
At the present time, it appears that test items 
are encoded serially when both S's processing 
capacity is absorbed with the encoding of 
other relevant information (i.c., the memory 
set) and when the two sets of material are 
highly confusable. The first condition derives 
from the decrease in test item encoding time 
with increasing delay. At the longest delay, the 
visually confusing and neutral test sets were 
encoded in parallel. The second conclusion 
comes from comparing the two experiments 
and other findings that indicate the dis- 
criminability of items in a display may de- 
termine whether it is processed serially or in 
parallel (Connor, 1972). That the results 
with the neutral displays followed the same 
pattern as the results with the confusable ones 
in Exp. II rather than the digits in Exp. I is 
not surprising. It is possible that the neutral 
letters were more confusable than the digits. 
More likely it is probable that with each 

receiving each type of display in a mixed-list 
design Ss were unable to employ different 
types of processing strategies for the different 
types of displays. There is evidence that a 
discrimination performed in parallel in one 
situation may be performed serially when 
embedded among more difficult discriminations 
requiring serial processing (Connor, 1972), 
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rate were interpreted : 
rather than an effort hypothesis. 


and his co-workers (Lacey, 1959, 
i Lacey, Kagan, Lacey, & Moss, 
inue Pig cr that the direction of 

5 a Heart rate (HR) from an alert 
nature my tW eds was dependent on the 
Cardiac "n task to which S was exposed. 
tasks su i eceleration was observed | for 
Attention Vas empathic listening and visual 
"érse "is A other tasks, such as re- 
associa] ing and mental arithmetic, were 
and hi ed with cardiac acceleration. Lacey 
S Case 


occurred when intake of, or 
» the external environment was 
It was also noted that some 
Same) (e-g., listening to the rules of a 
ang V designed to require both intake 

ange + » Were associated with no 
thet’ Sugges As a result, these investi- 
1 OVE eg seestedd that the tasks described 
on co uld be placed on an “intake-rejec- 
cing axinuum, tasks at the intake pole 
those “SSeciated with HR decrease, and 


1 at X a P 
eren the rejection pole with H R 
+, Sever. 
Ing "eral " : 

ter Studies have questioned the 


T 
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Measures of cardiac and respiratory acti 
ries of visual search ta 
In Exp. l, tonic heart rate was found to be lower 
and cardiac deceleration greater for low- as compared to high-discriminability 
tasks. Exp. HH replicated the major findings of E 
at the duration of respiratory period decre: 
el, for low- as opposed to high-discriminability ta: 
supporting J. I. Lacey's intake-rejection hypothesis 


CARDIAC AND RESPIRATORY ACTIVITY DURING VISUAL SEARCH ! 


University of Illinois 


ity were recorded from human Ss 
ks which varied in target 


p. Land, in addition, showed 
d less from an alert to a task 
The results for heart 


Campos, 1967) concluded that the verbali- 
zation dimension was sufficient to account 
for the observations of Lacey and his co- 
workers (Lacey et al., 1963), although 
Edwards and Alsip (1969) have since argued 
that “the question of whether verbalization 
and intake-rejection are one and the same 
remains [p. 11]." It has also been sug- 
gested that Lacey's results can be inter- 
preted in terms of a dimension of demand 
for action (Elliott, 1969) or of effort 
(Campos & Johnson, 1967). Both these 
and the verbalization interpretations are 
clearly in line with traditional arousal 
theory (e.g., Duffy, 1962). 

A serious problem concerning the lack of 
an independent operational measure of the 
task situations has contributed to the con- 
troversy over the appropriate dimension. 
Only by having such a measure can the 
situations be objectively located on the 
dimension in question. Tursky, Schwartz, 
and Crider (1970) did use an independent 
measure by giving their Ss mental arith- 
metic tasks which varied in difficulty, and 
obtained results that supported the intake- 
rejection hypothesis. However, Tursky 
et al. were concerned with phasic aspects 
of cardiac activity and their study, there- 
fore, contrasts with those described above 
where the concern was with zonic HR. 

The present studies were designed to 
examine the effects of attentional demands 
on tonic HR in situations where such de- 
mands are objectively manipulated. This 
manipulation was accomplished through 
the use of a series of visual search tasks 
which varied with respect to the discrimi- 
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nability of target stimuli from background 
stimuli. It was proposed that low-dis- 
criminability tasks (searching for “e” 
target letters among “a” background 
stimuli) require more external attention or 
more environmental intake than high- 
discriminability tasks (searching for ''b" 
target letters among "a" background 
stimuli), the independent measure of dis- 
criminability being provided by searching 
speed. In terms of the intake-rejection 
continuum, low-discriminability tasks can 
be placed nearer the intake pole than high- 
discriminability tasks. Accordingly, it was 
hypothesized that tonic HR is lower, and 
cardiac deceleration greater, under the low- 
discriminability conditions. Under an ef- 
fort hypothesis, the opposite prediction 
would be made, since low-discriminability 
tasks intuitively require more effort. The 
experiment, therefore, also provides a test 
of the relative merits of the intake-rejection 
and effort hypotheses. 

In order to test the effects of target- 
letter identification, the density of target 
letters was varied. A further manipulation 
involved the response requirements follow- 
ing target-letter identification in that Ss 
were required to either count or check 
target letters. Since under counting con- 
ditions S was required to store and process 
digits, it was proposed that HR would be 
higher under counting, as compared to 
checking conditions. 

Porges and Raskin (1969) found that 
HR variability decreased during attention- 
involving tasks. Thus, a final prediction 
was the HR variability, like tonic HR, 
would be lower during searching than 
during preceding alert and rest periods. 


EXPERIMENT I 
Method 


Subjecls.—lThe Ss were 32 male undergraduate 
students recruited from an introductory psychology 
course at the University of Illinois. 

Apparatus and procedure. — The experiment took 
place in a partially soundproofed, air-conditioned, 
electrically shielded room. Beckman Biopotential 
skin electrodes, a Beckman R-411 dynagraph, and a 
4-channel Hewlett-Packard Model 3960 FM tape 
recorder were used to provide a continuous recording 


of each S's he; 
> S heartbeats on chart paper ; an: 
des paper and on analog 
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Each 5 was given a consecutive series of 16 trials, 
each trial consisting of a rest. period. (50 sec), an 
alert period (35 sec.), and a task period (35 sec.) 
during which S performed a visual search task. ‘The 
task material consisted of 16, 40 X 60 letter wat 
which had been typed on stencils and then dud 
cated on mimeograph paper. The predominio 
letter on each matrix was the letter “a”: One of E 
possible target letters was distributed in the maa 
as will be described shortly. All letters were lowe 
case elite type. - 
Each tax uos defined in terms of four parameters 
(a) target letter—either "b'"(B) or "e" (E) 


1 1 s ; sin the 
density—either high, with 32 target letters < onse 
matrix, or low, with 16 target letters; (6) rabia 
mode—cither count or check; and (d) pà 


either Pattern 1, 2, 3, or 4. m 

The target letters were randomly distri 
the matrix, the different patterns being obt i 
starting at different points in a random n ti 
table. Patterns 1 and 3 were different config 1 
ay matrix: 
f every othe 
ible con 


buted in 
ained by 
nber 
ions 


parameter, except density, giving 16 poss 
binations of the four parameters. E 
The 16 tasks were presented to the 55 
order with the following constraints. 
possible combinations of target letter, € 
onse mode had to occur within the paral 
Second, the same level of a particular s itive 
r could not occur on more than two ee the? 
trials. Of the possible orders that resulted n 
constraints, eight were used, four Ss being g 
ordei 
Each S reported individually for the 
and was instructed to scan each matrix, 
beginning in the top left-hand corner: x 
from left to right along each line. He Sid m 
scan as fast as he could but to try to ave a kp 
any target letters. When he dete a hey 
letter, S was instructed either to count it +46 0 
mark through it with a pencil or to CO" e series 
Practice tasks were given, after which 
16 trials began. 


s 
JensitY» a 
first € 

ame 


iver 


experi"! 
h r 
Jine by work 


iss 


Throughout the experiment, hone? of 
E received auditory signals via head n ich 
served as cues for him to change fro pul cu 
the experiment to the next. Marking T di jod?! 
occurred at the same time as the ige pel ihe 


ask E 
signifying the beginning of alert and zollowiP ack 
were recorded on the analog tape laced rief b 
first cue, E instructed S to relax ang T. Aft an 
of three sheets of paper in front of er pi 
next cue, 35 sec. later, E told Stog mui 
removed a blank sheet of paper or 
stack. This revealed instruction? ur uc 
target letter to be expected and the "hir pur B 
on the forthcoming task. After ue c the arte 
later, E told S to begin the task 3t yev 
removing the instruction sheet, W “fe fc 
task sheet, When Æ received the € ostO Ja 
ning of the next trial, he instructe¢ [sd ET i 
and relax. For counting condition 


+ ti 
sisti? red 
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82 
REST 


A 
3 a 


HEART RATE (Beats / Min) 
3 


TASK 


10 20 5 15 
TIME 
Fio, 1, Average second-by-second HR values for the 
lo wri z 
otito down the number of target letters he had 
ited in the Margin beside the line he had just 
Scanned, $ 


Scoring — 1. 


Spee searchi 5 ach S, on 
cach tage Speed of searching. For each S, o 


Vi 
here 
ey Scanned was taken as the line next to the 
vritten tot; ` ber of target letters 
detected, tal of the number g 
2 


HR y Heart Tate. Second-by-second analysis of 
the f E Provided by an IBM 1800 computer. For 
7> Sec. of both alert and task periods and 
^. SCC. of rest periods, R-R intervals were 
to the nearest .004 sec. (For the rest 
$, the values were obtained by playing the 
ackwards,) These R-R intervals were con- 
to HR values, and a mathematical procedure 
one HR value for cach second. 


the ( £ method of second-by-second HR analysis, 
being that in the method pre- 
Cre, the onset of the first complete heart 
wing period onset is taken as the starting 
the Xperia Analysis, instead of the actual onset of 
Prio waental Period. The HR during the three 
Peri ee only Sampled since any effects due to the 
i nls ti Manipulations should be evident within 
ime, 


tea acca, "second analysis of HR. The 
t Po ®rative-decelerative-accelerative 
Pattern at the beginning of the 
Probably reflects the effects 
Changes and instructions, which 

began the task. The 
Pattern terminated about 


25 


25 5 15 


(Seconds) 


three experimental periods, Exp. I. 


16 sec. after task onset, after which HR 
became relatively stable. Thus, in order 
to determine whether there were differences 
between E and B tasks in tonic H R, mean 
HR values were computed for each S for 
each task by averaging second-by-second 
HR values for Sec. 16 through 25 of the 
task periods. The 16 values obtained were 
reduced to 8 by averaging across pattern, 
and an analysis of variance with three 
within-S factors (target letter, density, 
and response mode) was performed on the 
resulting data. As shown in Pig. 2, HR 
was lower during E than during B tasks, 
F (1, 31) = 5.69, P«.05. HR during 
counting tasks (71.60) was lower than 
during checking tasks (72.18), F (1, 31) 


= $66, p «.05. (These and all other 
i @—@ E Tasks 
E O--O B Tasks 
E 
$74 
5 
E 
s 
w 
PES 
c 
- 
c 
PEZ 
r 
z 
« 
w 71 
= 
REST ALERT TASK 
Fie. 2. Mean HR values, representing tonic HR, 


for the three experimental periods, 
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values of HR are in bpm.) A signifi- 
cant Target Letter X Density interaction 
indicated that while HR was lower for E 
than for B tasks under low-density condi- 
tions, the reverse was the case for high 
density. 

Similar analyses were performed on the 
data for tonic HR during the rest and alert 
periods. The relevant means were based 
on the second-by-second HR values for 
Sec. 16 through 25 of alert periods and the 
last 10 sec. of rest periods. Mean HR 
during rest periods prior to E tasks was 
higher than that prior to B tasks, / (1, 31) 
= 5.01, p < .05. During alert periods, a 
similar difference was obtained, although 
it failed to reach significance, / (1, 31) 
= 3.42, p = .07. Both these effects can 
be seen in Fig. 2. 

Analysis of cardiac deceleration and change 
in tonic IIR.—VFor each S and each task, 
values representing cardiac deceleration 
were computed by taking the difference in 
mean HR between alert and task periods. 
The 16 values obtained for each S were 
reduced to 8 by averaging across pattern, 
and an analysis of variance of the same 
type as described in the previous section 
was performed on the resulting data. 
Mean HR decreased more for E tasks 
(—2.57) than for B tasks (— 1.38), / (1, 31) 
= 9,79, p < .01, and mean HR decreased 
more under counting (— 2.39) than under 
checking (—1.56) conditions, P (1, 31) 
= 3.96, p = .055. A significant Target 
Letter X Density interaction indicated that 
although cardiac deceleration was always 

greater for E than for B tasks, this differ- 
ence was maximal under low-density 
conditions. 

For each S, three HR values were com- 
puted representing average tonic [IR for 
each of the three periods. ‘There was a 
significant change in tonic IIR across the 
three periods, / (2, 64) = 5.29, p < 01. 
Scheffé tests (Scheffé, 1959) indicated that 
HR was lower during task periods (71.89) 
than during alert periods (73.86). llow- 
ever, HR during rest periods (72.61) was 
not significantly different from that during 
either alert or task periods. 

Analysis of IIR vartability.—Similar anal- 
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mean HR 


vses to those performed on 
: lert, rest, 


values for 10-sec. samples during à 
and task periods were performed on the 
values for the standard deviation ( D) 
of HR for the same samples. None of the 
main effects or their interactions were 
significant in these analyses. 

In order to determine whether 
variability changed across the three per 
three SD values were computed for eac ^ 
representing the average 5D of HR Ram. d 
the three periods. SD changed sir 

p (2, 64) = 16.78 
hat HR. 
juring 

alert 


HR 


1ods, 


Analysis of searching spec 
were scanned during B tasks (4 " 
E tasks (15.30), F (1, 31) = 98.t der 
.001, and fewer lines were scanned M 
checking (20.00) response condition? 31) 


under counting (24.53) conditions ^, wget 
= 53.39, p < .001. A significant jn- 
Letter X Response Mode interact! ined 


dicated that the difference in lines g nde" 
between E and B tasks was greater i 
counting than checking conditions. wach S 
Heart rale and searching speed — ^ (y pe? 
performed each of the cight La easily 
(combinations of target letter» 
and response mode) under two ub 
conditions. By comparing the a m 
lines scanned for a particular p 
under one pattern condition : x 
number scanned under the t jo 
condition, it was possible t? "ask of. 
each S's searching speed on t 5 E 
as either "fast" or ‘slow.’ and lo 
S's tasks were divided into 4 fas’ preset pe 
group, each group containing 2 mort Ne 
tive of each of the eight task pi^ of ! jt 
mean HR values for cach 5 O pa ave 
16 tasks were used to compute fast E 
tonic HR values for each 7 ae ge fas! 
slow tasks. Over all 55 
HR. values were 71.74 and his d 0% 
and slow tasks, respective" 96, p 7 
ence was not significant, f » 
Cardiac deceleration (the 
tonic HR between ale 


differ bem 
| and ud go" 
rt i o 
greater (— 2.10) than 


for fast 


F 
| 
: 


-—ÀÀ« . 
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(—1.85) tasks, but this difference was also 
not significant, / = .43, p.20. 

Over all Ss, uic mean number of lines 
Scanned was 25.19 for fast tasks and 19.34 
for slow i; 


Discussion 


In accordance with the principle hypothesis, 
tonic HR was lower, and cardiac deceleration 
Eus for E than for B tasks. Since E tas 
Performed more slowly than B tas 
p IS some justification for concluding that 
Success P'lation. of. discriminability was 
Attenti ul and that E tasks required more 
R However, the differences 
attribute and B tasks cannot neces: 
the ed to attentional differences between 
It could be — that the slower 
ed during E t , were due to the 
arching speed on xdi tasks. But, if 
the ¢ then a relationship between 
a Searching speed, independent of task 
iie ud be predicted. The analysis of the 
indica Ce in HR between fast and slow tasks 
ated that mean HR was lower and 
deceleration greater for fast tasks. 
5^ not significant, these results clearly 
at searching speed did not elevate HR 
B ta 3t the differences in HR between E and 
"S8 cannot be attributed to differences in 
AS speed, 
© implication of the diffe 


tasks 

Rs obser v 
Slower see 
this were 


case, 


P hi 


in search- 


ing sı : nc 

Ide enti ihe, between E and B tasks is that more 
! Wey, tions were made under B conditions. 
under ps More identifications were also made 
Since ine 1 than under low-density conditions, 
g g j ere was no effect of density on search- 
Fig Noid Thus, if differences in frequency 
hes ii ‘cations were responsible for the differ- 
Pilar WIR between E and B tasks, then 
ish. Ver differences should be found for 
Xe ana a low- density conditions. None of 
E her efor’ indicated that this was the case. 
E Sin the results indicate that the differ- 
eed B tas and cardiac deceleration between 
Spe? 55 were due to attentional differ- 


Pegy Pet 
Deeg or ler th 


; an to differences in searching 
sige Ne fi 
TO 


om ene of identifications. 
™ the main effect of target letter, 
Cardiac deceleration showed a 


ae Spon. tie ee Letter X Density inter- 
WS etw. tere was no difference in search- 
ud "wi a We oe high- and low-density: con- 


id "Pending more time searching 
s Ying under low-density condi- 
cti "PPP der low-density conditions 


Vity is Maximal. Thus, if HR 
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is related to the attentional requirements of 
searching, the effects of target letter should be 
maximal under low-density conditions. This 
was precisely the ca 

An unexpected finding was that E and B 
tasks differed with respect to the HR during 
preceding alert and rest periods. This may 
have been due to the constraints placed on the 
order of presentation of the tas These con- 
straints resulted in the majority of E tasks 
being preceded by B tasks, and the majority 
of B tasks being preceded by E tasks. If HR 
tends to be high in B tasks and this effect per- 
sists through subsequent rest and alert periods, 
then HR during rest and alert periods prior to 
E tasks would be expected to be high. For 
similar reasons, HR prior to B tasks would be 
expected to be low. 

The response requirements of the task had 
an effect on both searching speed and HR. 
The slower speed observed under checking 
conditions was probably due to the motor 
response required under these conditions. 
The same factor may have been responsible 
for the high H Rs observed under these condi- 
tions. Any elevating effect on HR of digit 
processing under counting conditions was not 
evident from comparisons of HR under the 
two response requirements. 

As predicted, HR variability was lower dur- 
ing the attention-involving tasks than during 
preceding alert and rest periods. Tonic HR 
changed acr experimental periods, 
being lower during the task periods than during 
the alert. periods. However, HR was not 
significantly lower during the tasks than during 
rest periods. This latter result is not consis- 
tent with Lacey et al. (1963), who found 
significant change in HR from a resting level 
to a lower level during an environmental 
intake task. 


also ross 


Li 


EXPERIMENT ll 


The data described in Exp. 1 suggest 
that tonic HR and cardiac deceleration 
vary as a function of the discriminability 
of the target letters in a visual search task. 
In particular, the results support the 
hypothesis that HR is lower and cardiac 
deceleration greater the more external 
attention that is required from S. 

Experiment IL was designed to replicate 
the major conditions of Exp. l and to pro- 
vide additional information concerning the 
relationship between attentional variables 
and respiration. Several studies (e.g., 
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Fic. 3. Average second-by-second HR values for 


E and B tasks separately, Exp. II. 


Sroufe, 1971) have demonstrated relation- 
ships between HR and HR variability and 
respiration. Thus, the purpose of Exp. II 
was to determine whether changes in respi- 
ratory activity accompany the changes in 
cardiac activity observed in Exp. I. 

Several procedural changes were made in 
Exp. II. First, the measurement period 
during alert and task periods was extended 
and the duration of all three periods was 
equalized at 40 sec. This was to confirm 
that the HR differences between E and 
B tasks were persistent and to give a 
longer time for samples of HR following 
the response to the onset of the task. 
Second, a change in the scoring procedure 
for searching speed on checking tasks was 
made to make the procedure similar to that 
used on counting tasks. Finally, errors of 
omission were recorded in order to provide 
further evidence (in addition to that from 
searching speed) that the discriminability 
variable had been successfully manipulated. 


Method 


Subjects.—The Ss were three female and nine 
male graduate and undergraduate volunteers from 
the University of Illinois. 

Apparatus and procedure.—Wecording apparatus 
was the same as in Exp. I, with the addition of a 
device to provide continuous recording of respira- 
tion, A temperature-sensitive diode was attached 
to the upper lip of the S, just beneath the nose. 
This diode was connected to a Beckman Model 
9853A coupler on the dynagraph. 

Of the eight presentation orders used in Exp. I 
four were used again here. Each order was given 
to three Ss. The duration of each of the three 
experimental periods was 40 sec. All other pro- 
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cedures were the same as in Exp. l, except for the 
addition of a response requirement on checking 
tasks. The S was required to indicate with a enc 
mark the last line he had scanned after being tol 
to stop at the end of the task period. —. 
Scoring.—1. Speed and accuracy of e 
Speed of searching for counting ti ks was a 
in the same way as in Exp. I. For checking | ae 
the score representing the number of lines — 
was based on the line next to S's check ! x 
s ed by establishing the num 
i the number 9 


of possible identifications (given t . actual 
lines scanned) and then determining the ieten 
number of identifications either from 5 mae 
total (counting tasks) or by counting check m 
(checking tasks). in used t9 
2. Heart rate. The computer was IR ` For 
provide second-by-second analysis of B if 
each experimental period, second-by-secot The 
values were obtained for 30-sec. samples: al 


first 30 sec. O 


samples were taken from the jf the 


and task periods, and the last 30 sec. € 
periods. 

3. Respiration. For each S, and € fre 
16 alert, rest, and task periods, a measure o d as 
tory period was obtained. "This was define 
time, in seconds, of the last three comp : 
tory cycles occurring during the. relevant 
and was measured by hand scoring © 
recording. Since the paper speed was [e 
and measurements were made to the near | 
meter, effective measurement of respiratory 
was to the nearest second. 


ach of the 
spira 
the 


Results 


Analysis of tonic IIR, cardiac dec 
and change in tonic II R.—Vigure ~“ gis 0 
the results of second-by-second anaa p. L 
HR during the task periods. sn m 
mean HR values were obtainec 
and for each of the 16 tasks. ne i 
represented the average HR fot phe 
through 30 of the task periods. io " 
values obtained were reduced ia aly 
averaging across pattern, and on r jur 
of variance was performed on the 
data. HR during B tasks was i 
during E tasks (see Fig. 4), 7 i er 
b «05. HR was also hi£73)ta$. 
checking (82.33) than counting i anter 
P (1,11) = 8.65, p < .05. s values re 
ses were performed on mean ^" [ues y 
rest and alert periods. These ‘Sgt pet 
based on the last 15 sec. © á 
and Sec. 16 through 30 of the ale erat” 
None of the main effects pe 
were significant in these tWO dam i 

Measures of cardiac dece 
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obtained as in Exp. 1 by computing the 
difference in mean HR between alert and 
fask periods. There was significant differ- 
pace between E and B : sks in the change 
Eu alert to task periods (see Fig. 4), 
(1, 11) = 7,88, p «.05. Further, HR 
Hr eased for counting conditions (—.56) 
Increased. for checking (.92), F (1, 11) 

7 13.82, p < o1, 
En HR changed significantly across 
^ imental periods, F (2, 22) = 3.61, 
Be Scheffé tests indicated that the 
m arison between rest and alert-plus- 

Periods was significant (see Fig. 4). 

nalysis of IIR variability. —As in Exp. I, 
deg lor SD of HR were obtained for each 
E experimental period using those 
~Py-second HR values which had 


cen use 
; Used to compute mean HR. 
lem 


Cant 


alert 
2 raniahbilityv 
also HR variability 


differ’ Not change differentially for the 
Prs tasks from alert to task periods. 
Iree De ; Variability did change across the 
Scher riods, # (2, 22) = 28.82, p < .001. 
lower * tests indicated that variability was 
the task periods (3.49) as com- 
9 both alert (4.81) and rest (5.22) 


n 


Valu 


` Of respiration.—Several anal- 
c on arce, identical to those per- 
: ine HR data, were performed 
t exp, it Or respiratory activity: for the 
na ui erimental periods. During the 
ms peepiratory period on E tasks 
Nsit than that on B tasks under 
MUS 7, conditions, but there was no 

uoi. the tasks under low- 
$ ditions, F (1, 11) = 14.44, 
ce ; € Analysis of the values for the 
en vie length of respiratory period 
Sual and task indicated that 
than period decreased more for B 
4, p 2 tsks (see Fig. 4), F (1, 11) 
aq i Respiratory activity 
tjj Smficantly across the three 
p,Periods, F (2, 22) = 34.09, 
Derigg. PITatory period was shorter 
than in either rest or alert 
tests), 


AY . ^ 
arching performance.-—The 
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Fic. 4. The upper graph shows values for the 
length of respiratory period (time for three complete 
respiratory cycles) for the three experimental 
periods. (The lower graph shows mean HR values, 
representing tonic HR during the three periods, 
Exp. IH.) 


results for searching speed were the same 
as those obtained in Exp. I except that 
the means were higher in this experiment. 
A chi-square test was used to determine 
whether the proportion of errors of omission 
to possible detections was greater for E 
than B tasks. The Ss missed 7% of the 
710 possible identifications on E tasks, and 
.6% of the 1,438 possible identifications on 
B tasks (X? = 68.99, p < .001). 
Respiration and. searching speed.—As in 
Exp. I, the 16 tasks performed by each S 
were divided into a fast and slow group. 
The mean change in length of respiration 
period from alert to task periods was com- 
puted for each S for fast and slow tasks, 
respectively. Although the length of 
respiration period decreased more for slow 
(—2.7) than for fast (725) tasks, this 
difference not significant, / — .69, 


p > 05. 
DISCUSSION AND CONCLUSIONS 


was 


The mean values for lines scanned were 
higher in Exp. II, reflecting the 5-sec. increase 
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in time allowed for searching. As in Exp. I, ments of environmental intake, then, since 
more lines were scanned during B tasks and HR was lower and cardiac deceleration greater 
counting conditions than during their counter- for low-discriminability tasks. the results 
parts. The significant Target Letter X Re- support the intake-rejection hypothesis. The 


sponse Mode interaction, obtained in both results also imply the rejection of the effort 
asks 


experiments, merely indicates that the ratio hypothesis because low-discriminability t 
of lines scanned in E and B tasks was con- intuitively require more "perceptual effort.’ 
stant across the two response conditions. It may be argued that the results also imply 
The data for accuracy of searching confirmed the rejection of a “motor effort" hypothesis. 
that the manipulation of target-letter dis- Tests of the effects on HR of frequency of 
criminability was successful, since the pro- identification and speed of searching, which 
fort 


portion of possible identifications that were would both seem to be related to motor ¢ 

missed was greater for E than for B tasks. were not significant. However, @ possible 
Although the actual percentage values were — effect of motor effort was revealed in the differ- 
small, it is possible that this difference con- ences in tonic HR sent curdide deceleration 
tributed to the observed difference in HR be- between counting end ieke tasks. 


tween E and B tasks. One implication of the In the experiments of Lacey and his © 
error difference is that fewer identifications workers (Lacey et al 1963) tonic HR was 
were made during E tasks. However, this is found to increase si riltficantly from rest DB. 
also implied by the finding that E tasks were alert periods and dus t ^d "crease t0 a lower 
performed slower than B tasks. For reasons level during intake tas b The results of the 
given in the discussion of Exp. I, the difference two experiments re sorted here failed to repli- 
between E and B tasks in the frequency of cate all these findin zs (see Fig 2 an E: 
identifications cannot be used to account for This may have been js 3 to procedural differ 
ae o orende in HR between the two types ences between these cxperigient and those o 

asit. : ; 
‘ithe semi te deat or E So Be . Lacey and his co-workers. For example: oa to 
in Exp. I in present situations, it seems unr sona? héy 


general confirm those obtained in Exp. l. expect Ss to remain alert for 40 sec when UN" 
Comparison of Fig. 1 and 3 indicates that the know that l ey n: s fó anything 
same form of HR response to the task was ob- i they de mk kare to ; 
tained in both experiments. Figure 3 also 
— Thar the differences in HR between E 
and B tasks were persistent and stable. Agai A i "e "m ~ 

r he change in tonic HR from alert to task meg sure of nnd Fa Ie st sh ed m 
periods was only in the direction of decelera- — differential TORIA RR period * pt ps 
tion for E tasks in Exp. II. whereas decelera- ntial change from alert to t6 jr 
tion was observed for both E and B tasks in 
Exp. I. Procedural differences and differences 


until the end of the alert period. nged 


iod hanea 


two discriminability conditions. "Thus 7. gecis 
tion period changed as a function O 
attentional demands of the 


in the S population may account for the dis- This : os 
crepancy. The same dienes may rie eru b rasts with vm respira 
explain t he absence, in the second experiment, deti eit ^ 969), who founc lin e spec. d 
of an elfect of target letter on tonic HR during NOTER did vot change accore ao perita 
rest and alert periods preceding E and B tasks. — also ien requirements. inis for slow vest 
However, there is no ready explanation for the fast Eu eas differesitial phang" ; the gre? gh 
failure to replicate a significant Target Letter d with slow tasks show? s Altho 
X Density interaction in the analysis of cardiac -not ier e. length of the US sat the di cel 
deceleration. Whatever the explanation for a uh sig a M i E sching P in 
these discrepancies, they do not detract from — cannot sae GAL aah aifferenti2 chan of 
g or the € > p^ 


the principle findings of differential changes in respiratory period between the tW? 7 aste” 
" THO! ret wee 


HR and different levels of tonic HR for E and B task hicl xà perfor” 
asks, which were si 
sks. * : crea 
B tasks x £ , were associated with greater deer so” 
Both experiments provide evidence for a duration of respirator v period pet X 
relationship between both tonic HR and Mthough K xo s similar! y host b. 
. : t ws . ` ere is some > 
cardiac deceleration and the discrimination the data for re pi E ry activity An ‘ble pi? 
n [ rene i2 re : d rato ry = ‘ o$ t ; 
requirements of visual search tasks. If the cardiac activi = +. clearly not ef pe 
ac : ; clearly ne t 
a tivity, it is clea is nip v 


objective manipulation of discriminability is infer from these experiments St 
+ ` [ > T ese e ations ‘ 
accepted as a manipulation of the require- similarity is due to a caus? relati 


E E relationship, it is clearly complex 
of HR aot ae respiratory period and those 
tially ane S variability only showed par- 

y parallel trends (for example, see Fig. 4). 
diii dic the results of both experi- 
nerd) X : ariability varied asa function of 
TR uu UN requirements, while tonic 

| tion) ae in tonic HR (cardiac decelera- 
Brides. Rd à function of specific attentional 
sm eere E hange in the length of respira- 
| varied as a function of both specific 


and gener; : E 
in attentional requirements. 
hough not designed to do so, this study 


| {ween respiration and HR. However, what- 


làs poi : 
i Potted to a possible relationship between 
and performance on visual search tas 


- Althou | 
4 a res raa Son Geant cardiac 
decele i | the result was not significant, cardiac 


: greater for fast, as compared 
If decrease in HR is related to 
tivity (Lacey et al, 1963) and 
luences searching speed, then this 
The mea- 


Su 
may nop formance, namely searching speed, 
the s Aerie reflect the sensitivity of 
@Couracy Method which takes account of S's 
de such as that provided by a signal 
Would cle, theory (Green & Swets, 1966), 
| S's sis d provide a better way to quantify 
be Ormance, Such a method could not 


sent study since 5s failed to 
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A number of faults were found with procedures that directly test Ss’ memory for 


unattended input. 


To avoid these defe 


s, the extent of unattended-channel 


processing was determined indirectly by observing the effect that the pre- 


sentation of the unattended had on recall of the attended. 


It was concluded 


that unattended items are excluded from primary memory since they little 


affected the extent or shape of the recency effects for attended items. 


The 


evidence contradicts D. A. Norman's 1968 and 1969 theoretical position that all 
sensory inputs, attended or not, excite their representation in primary memory. 


How thoroughly does the human observer 
process unattended information? Broad- 
bent's (1958) “physical” model of selective 
attention assumed that just one channel 
of information at a time is perceived and 
that all other channels are filtered out after 
only sensory analysis and storage. The 
present study will reconsider not only how 
far unattended (UA) input penetrates the 
perceptual system but also what level of 
memory such input achieves. Early evi- 
dence from dichotic listening (Moray, 1959) 
suggested that following shadowing of one 
ear, Ss retain little from their nonshadowed 
ear. Later evidence (Norman, 1969; Peter- 
son & Kroener, 1964) obtained under a 
more careful control of the retention inter- 
val for the nonshadowed material revealed 
some short-term, but little long-term, mem- 
ory for nonshadowed events. The precise 
nature of that short-term memory is the 
main interest here. 

Disagreeing with Broadbent's (1958) 
early formulation and its later refinement 
by Treisman (e.g., 1964, p. 217-218), Nor- 
man (1969) and Deutsch and Deutsch 
(1963) argued that all channels of sensory 
input, attended or not, reach a postper- 
ceptual level of the information-processing 
system. That is to say, all signals are 
analyzed beyond their physical properties, 
being to a degree semantically processed. 


This research was supported by the National 
Research Council of Canada through a fellowship 
to J. Davis and Grant APA191 to M. Smith. 

3 Requests for reprints should be sent to Jonathan 
C. Davis, Department of Psychology, University 


of Toronto, 100 St. George Street, Toronto 181, 
Ontario, Canada, 


k in 
bottleneck 
after 


place: 


Filtering or, rather, the 
information extraction. occurs only 
this substantial processing has taken the 
Implicit to this view (referred tO hiat 
late-selection position) is the premise gre- 
for some period, a multichanne i : 
sentation of information exists i 7 
term memory. In fact, Norman " 
p. 528; 1969, p. 92) explicitly pos ta 
the existence of a multichannel repre noi 
tion of information in primary dn Nor 
(PM). Itis important to note tha „stork 
man was referring not to @ sensor) j 
short-term memory, such as 
S system, but to that short-term A: 
the properties of which seem to be ol ial 
able in terms of nonsensory, PSYC i 
units or chunks. to € 
The present study attempted 7A inp” 
confirm or deny the existence 9, oyi 
to PM. Much of the published * wá 
that previously confirmed tts exe n ihe 
obtained by directly testing 5s : e 
for items arriving on a secondary ado" q 
The Ss were typically made He nef ad 
message given to one ear ane : the Nor 
for retention of material give” 1964): 
ear. Peterson and Kroener and a 
man (1969), and Glucksburg — 
(1970) employed such a pro: 


found substantial retention “p waf 
substantial re which gia 


shadowed input. Memory» M ini fad? 
siderably less than perfect foun t9 
recall testing, was typica^? i" 


as a function of test delay- soci: 

There are problems = tract 

: ; vd 

shadowing procedures ys 1esti P ond 

their results. First, repeate* 
makes 


nonshadowed ear 
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relevant, Consequently, even. building a 
high degree of difficulty into the shadowing 
task cannot guarantee a total absorption of 
attention. This might cause the procedure 
to overestimate the extent of memory for 
A messages, 
Second undesirable feature of shadow- 
ng Paradigms might cause underestima- 
t'on of UA channel retention. Shadowing 
nal provide interference for the UA chan- 
called à sort analogous to what has been 
search Fir ea interference in memory re- 
E urn ulving & Arbuckle, 1966). Briefly, 
E interference, to which. PM items 
tion Particularly susceptible, is a reduc- 
i m the probability of recalling an 
4S a result of recalling other items. 
hadowed information, if at some point 
Dooriy 2, represented in memory, might be 
Tecall ree! as a result of the continuous 
Even - ladowing) of attended information. 
are im 1e so-called zero-delay items, which 
9 mediately tested items from the end 
| fe "put list, are not immune to this 
rence, since Ss characteristically 
a few additional words after they are 
ed to stop shadowing (Norman, 1969). 
t of these and other problems asso- 
Ma Vith shadowing (see Underwood 
Cussi Oray, 1971, for a more complete dis- 
we development of a nonshadow- 
onsh ure might be timely. i 
ET » adowing dichotic listening tasks 
: AS £ Some of the problems of shadow- 
Re ien às probe, recall, detection, or 
ited 0" of the nominally UA channel is 
' SWitching again cannot be ruled 
re, DSequent trials. One migun 
re, term eo estion Bryden s (1971) use 0 
Ne reque, tUa ttended"' for items that Ss 
n ch they in to ignore during input but 
fon at stu tad to subsequently report, 
ing Pa Y, an attempt was made to 


for, "€ and © 
Mati d contrast memory for attended 


eff 


| effec ies ` 
8 eithe ct on performance of out 


he à the attended or UA items 
iu. cen in interpreting the 
a study is that one cannot 
foe “unattended” items were 
attended, even though in 
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this case they were clearly processed dif. 
ferently from attended ones. 

Voluntary switching is best ruled out by 
never testing for the content of the irrele- 
vant input. The nonshadowing experi- 
ments which follow instructed .S to attend 
to one ear and that ear was tested exclu- 
sively. The S was given no good reason to 
switch and every reason not to. 

Interference effects are the definitive 
property of primary memory (Waugh & 
Norman, 1965): An item's probability of 
staying in PM is a decreasing function of 
the number of subsequently presented items 
(regardless of presentation rate). PM ap- 
pears to be a limited-capacity store, holding 
about three items, from which items are 
lost when they are displaced by new items. 
Thus, if words reaching a UA ear cannot 
be excluded from PM, they should interfere 
with the retention of attended words. 

The experiments below sought to deter- 
mine how much UA input interferes with 
memory for attended input. Unless a sepa- 
rate PM exists for each channel, UA items 
which cannot be completely excluded from 
PM should overload it, perhaps in propor- 
tion to their information content. This 
overload of PM should attenuate the re- 
cency effect that is observed for attended 
materials, making it extend over fewer 
serial positions. Moreover, estimates of 
the apparent size of PM (measured in 
items), the calculation of which is described 
below, should be correspondingly smaller 
than without irrelevant input. 


EXPERIMENT | 


The procedure employed here involved 
the presentation of a sequential probe for 
attended items. Under the hypothesis 
that irrelevant items might be represented 
in PM, a differential overloading of PM 
was attempted by varying the content of 
the irrelevant input. 


Method 


Subjects. —Of the 12 paid Ss who began, 1 dropped 
out leaving an extra S in one condition. 

Apparatus and procedure,—Each to-be-remem- 
bered (TBR) list of six words was presented mon- 
aurally at a rate of 1} words sec, followed by a 


nonspeech signal (a metallic tap) that marked the 
end of the list and a probe word chosen from among 
the first five. Regardless of the materials presented 
to the rejected ear, the task was to give the word 
that had followed the probe word in the relevant 
ear. The first item in the list was tested by re- 
questing S to “give the first item," For a given S, 
the relevant ear was kept constant both within and 
across sessions to allow him every advantage in 
learning to exclude (if possible) the irrelevant input. 
For 5 of the 11 Ss the right car was the relevant one, 
and for the others the left was. To guarantee ample 
practice in excluding the irrelevant ear, Ss were 
run for a total of seven sessions, each held on à 
separate day with all experimental conditions given 
equally often. within a session. The first day was 
considered practice; its data will not be reported. 
The use of the moderately rapid presentation rate 
of 1} items/sec was to help rule out switching 
between ears. Of course, under many switching 
models (e.g., Moray, 1969), switching between thc 
ears is still possible at this rate but surely more 
difficult than at a slower rate. The instructions 
strongly emphasized the attending to and remember- 
ing of items given to the one ear and not the other. 
Moreover, the procedure reinforced the credibility 
of these instructions by never probing with an item 
from the rejected ear or otherwise misleading S 
to gain additional information. In short, the ear 
that Ss were requested to ignore was functionally 
as well as instructionally irrelevant. Á 
The five within-5s experimental conditions are 
detined by the type of verbal and quasi-verbal 
material given to the rejected ear. In one condition, 
the control, the irrelevant channel was in fact 


empty, with Ss hearing only the monaural input of 


the TBR list. In two conditions, the irrelevant or 
to-be-ignored (TBI) material was a string of words 
chosen from the same pool as the TBR words. 
In the remaining two conditions, strings of nonsense 
syllables (CVCs) formed the TBI list. Conditions 
were further partitioned according to how TBI 
items were synchronized with TBR items: TBI 
items were either (a) approximately. simultaneous 
with TBR items or (b) temporally staggered in non- 
overlapping relation to them. In all cases, six TBI 
items were given per list. The synchronization of 
items on two separate channels has been identified 
as an important variable in other attention research 
leg, Moray, 1960). 

In the Simultaneous condition, the onset of a 
TBI item actually preceded the onset of its "simul- 
taneous” TBR partner by an average of about 
25 msec. (with a standard error of about 55 msec.). 
This mean lead by TBI items, which was estimated 
from a sound amplitude pen recording of 168 sam- 
pled pairs, could possibly have made TBI items 
more difficult to ignore than would have been the 
case with truly simultaneous presentations. 
e <> pub was to determine whether UA 
fines ht ot information load and meaning- 
SIEBER d if erentially allect. the retention. of 
: d mation. To help .S 
concerning the 


T avoid. confusion 
type of TBI input occurring within 


JONATHAN C. DAVIS AND MARILYN C. SMITH 


each successive list and te prevent S from ue 
to sample TBI material to know its content, 
of a given condition were blocked in groups S ES 
and S was always informed of the nature d Ven 
irrelevant input in a forthcoming block. Mor 
to guard against a warm-up etlect im the EU 
of TBI material, the data from the first WO lists 0 
a block were discarded. In the remaining tats Ed 
a block, all serial positions of the BR ü s Tit 
probed twice in a random order. Folk wing Ne | 
a written response, for which 10 sec. were “fidence i 
was required. along with a three-level ar every 
rating, of which no use has been made. senting 
half-session there were five blocks, cach ee sepa 
one experimental condition; the blocks we uctione 
rated by 1 min. of rest and 15 sec. of instr 5 mil 
and the half-sessions were separated iy vithin a 
of rest. Ordering of conditions (blocks) ka 
half-session was counterbalanced across anii 
Materials. —The six items in cach TBR bein 
one-syllable nouns and verbs randomly chose 
out replacement for lists in à given session 3 
replacement between sessions). The pool 
800 words was constructed from the | 
Lorge tables, representing all objective je 
but excluding proper nouns, onomatopor ist wert 
and homophones. The six items of the the 2 ove 
either. one-syllable words chos fram n from A 
pool or easily pronounceable CV CO as va ue os 
Noble (1961) norms with a meaningfullnes: e CY 
between about L4 and 2.7. None ? 


er 


he 

were words. :aeriveness o the 

o facilitate the perceptual distine acad on BR 

individual words, constraints were e int oan 

order of words within a list. No Yollowed P 
: z t - fol 

list was immediately preceded oF t9, cithe" » 


item beginning with the same letter Hk ition g 
and, in the case of simultaneous input o its Si 
TBR item began with the same letter £P E 
tancously presented TBI partner. 
conditions, each TBI item always follo 


Design. 
set aside and the data matrix colla 
sessions and the two probes © í 
within a half-session to produce it 
between-within design: 
X Condition X Ss X Ear. 
the fifth factor, and the other 


n X 


c 
nes W 


fac 
Orte 


collapsing the data matrix over SM 
probes per serial. position within n 3e 
yield a 6 X 2x 5 x 6 x 2 desig: "a 
versus Second Half of a Session X CON 
Position X Ear. This latter 22 d 
inclusion of the extra S's data MIT a 
study of performance variations wir an 

Since the data were proportion a 
analysis of variance was computed hat € 
formations of the data to ensure vere 1O 
of the means with the variances a 
nating the statistical tests. ce m 
did not alter the pattern of rest 
are therefore omitted. 
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Fic. 1, Proportion of items correctly reported from each serial position, asa function of the nature 


and the synchronization of the irrelevant material, Exp. 1. 


Reg 
S v E P 
tilts and Discussion 


a ee 1 gives the serial position curves 
Rests five conditions. As the graph sug- 
Were lat! Position and condition effects 
and r "ee and reliable, F (5, 545) = 227.0, 
Teapectin a 545) = 42.1, both ps < .001, 
result B. By far the most important 
le findi, Present theoretical purposes was 
educeq T that the recency effect was not 
try. PY UA input. The distinct types 
reca S is differentially depressed overall 
ty of p only slightly curtailed the capac- 


"ene: a By its customary definition, the 
Pilling ae is the higher probability of 
ite ed those items near the end of a list. 
ictizona Passes all serial positions above the 
e T rida tia of probability, if there 
in ck ; cree its extent is measured 
Wythe Seria] not including, the lowest point 
ing 8h and enum curve. Based on the 
ma endeng orman (1965) assumption of 
M a Probabilities of being in pri- 
hg ate ie DBdury memory, one can 
ND > ue nested number of items 
in a) Y summing PM (j) = (R (i) 


Over all serial positions 7 
effect, where R(/) is the 
ism a ralling an item from serial 

S the probability of recalling 


hne reg) 
MEC 
Abii OY 
lg, .2 O 
n j 


an item from the asymptote or low point 
in the curve, and PM (7) is the probability 
of recalling an item in serial position i from 
PM. The estimated capacity of PM for 
the Control condition, the Simultaneous 
conditions, and the Staggered conditions 
was 2.2, 2.0, 2.0, 1.9, and 1.8 items, respec- 
tively. In the Staggered conditions, this 
amounted to a 1495-1895 loss of capacity 
relative to the Control condition, whereas 
one might have expected more than a 50% 
loss in the event of unimpeded access for UA 
input to. PM (especially since the final 
input item was UA). The Serial Position 
X Condition interaction was significant, 
F (20, 545) = 1.65, p < 05. However, 
this was not due to a change in the shape of 
the recency effect for the experimental con- 
ditions, but was due rather to a larger 
difference between the Experimental con- 
ditions and the Control in the first half of 
the Conditions 


the list. Statistically, i 
XI Half interaction was significant, 
F (3 5) = 3.0, p < .05, while the other 


Treatment X Serial Position contrasts were 
insignificant, F (15, 545) = 1.42, p> .10. 

An orthogonal partitioning of the treat- 
ment contrasts (following the Method of 
Planned Comparisons, see Hays, 1963, Ch. 
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14) revealed that much of the variation 
among conditions was due to the difference 
between the Control condition and the 
others, F (1, 545) = 107.2, p < .001. No 
explanation of this sizable difference is 
offered at this point, since it bears little on 
the question posed by this study. Most 
of the remaining variation among treat- 
ments was due to synchronization; simul- 
taneous irrelevant presentations interfered 
less than staggered ones, F (1, 545) = 52.0, 
p < .001. Concerning the remaining two 
degrees of treatment variation, no differ- 
ence was found between irrelevant words 
and nonsense syllables under simultaneous 
presentation, F (1, 545) <1. Only when 
the irrelevant input was staggered were 
words clearly more interfering than CVCs, 
F (1, 545) = 10.9, p < .001. 

Although performance increased mono- 
tonically across sessions, F (5, 545) — 7.0, 
p « .001, this practice effect neither inter- 
acted with condition, F (20, 345) < 1, nor 
with the Serial Position X Condition inter- 
action, F (100, 445) = 1.1. The second 
analysis of variance (in which S's inter- 
actions comprised the error mean square) 
produced similar results. 

Performance was better with the left ear 
as the irrelevant one, F (1, 8) — 5.9, 
p «.05. Moreover, the relatively greater 
difficulty in excluding irrelevant words in 
therstaggered condition was magnified with 
the right ear as the irrelevant one, an effect 
which resulted in an Ear X Condition 
interaction, F (4, 32) = 2.9, p < .05, and 
which suggests a right ear dominance, 

The cross-channel intrusion data, discus- 
sion of which is momentarily deferred, are 
given in Table 1. 


EXPERIMENT II 


The generality of the preceding results 
was extended by using an entirely different 
memory paradigm, free recall. Moreover, 
the range of primary memory (defined by 
the extent of the recency effect) was made 
more open to analysis by using longer lists. 


Method 


Subjects.—Sixteen paid undergraduates served 
as Ss, f 


TABLE 1 


INTRUSIONS AS A 
. POSITION 


Input condition - 


Function OF 
RIMEAT Í 


| 
Staggered |. 15 | 
Simultaneous | 9 


Apparatus and procedurc.— The a 
procedure were largely the same as 
task was to write down in any order 


- 5-w ist. 
words as possible from each 15-word li: 


written recall (now 45 sec.) and the 
the next list were signaled as before. 
told to identify a word of uncertat 
origin with a check mark. 

Only three conditions were used: 


with no irrelevant input, (5) a staggered 
gg 


with irrelevant words, and (c) 
with irrelevant. nonsense. syllables. 
sentations were used and simultaneou 


as many 


pparatus and 


before. qUR 


The 
» beginning of 
The Ss We 
n input (eam 
(a) ds ition 


ered C 


s ones 3 
agn 


N c A ay nb 
because in the first experiment the former rence 


the potentially interesting differentia 


al inter 


effects of words and nonsense words. * an 
of a given condition were blocked a5 7" ounte" 


their order within a half-se 
balanced acr. sessions, of which tl 
The first da | were included i 


within a list were as before. 


so that possible interactions of the 
effects with practice could be more close 
Materials.—Al constraints on placent 


n th 


ly sci 
nto 


. ww 3 . collapse 8 
Design.—The data matrix was collat 2758 


serial po: 
between- 


ions to yield a 5 X 2 


ear to which TBR words were presen 
fixed. The other four factors wer 
ables. 


Results and Discussion 


Although the results, whicl 
in Fig. 2, were based on à 
cedure, they largely par: 
first experiment, Again tHe 
and reliable serial position © 
196) = 116.2, p « .001, and © 


e wi 


ree 
alle ed t i 
there " 


ese " 
, are PF pe 


-70 


-60 


.50 


-40 


330 


PROPORTION CORRECTLY RECALLED 


Fic, 2 


importan S 28) = 86.5, p < .001. More 
Among Ay there were no differences 
len or onditions with respect to the ex- 
Moreoy, the recency effect (see Fig. 2). 
'tems) €r, estimates of the size of PM (in 
ES he culated as in Exp. I, were practi- 
temgy " Same for all conditions (about 2.6 
tion į , Depending on which serial posi- 
ate, t ww. as the beginning of the asymp- 
t an ^d condition showed from a 9% 
th the Cos eficit in PM capacity relative 
th fi wel, condition. Finally, unlike 
ton ect periment, there was neither a 
E 1 between ear nor a significant interac- 

1 3 ang F a and condition, F (1, 14) 
Wong. sions P 192) «1, respectively. 
blo, Were rom the UA ear (from when 
se teq; © given there, of course) are 


eni In F stag 
telat Position, 3 as a function of their input 
tha’Vely, °P- While such intrusions were 


e Yn 
Yo i toushe (3.2% of the recalled words), 
On i. Y eXponential decay over serial 
mere doxically suggestive of a 
ory decay function for TBI 
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CONTROL A i 
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NONSENSE, 

SYLLABLES 


STAGGERED 
WORDS 


SERIAL POSITION 


Proportion of items correctly recalled from cach serial position as a function of the nature 
of the irrelevant material, Exp. H 


items. The results are paradoxical because 
on the basis of the recall serial position 
curves one might like to conclude that no 
PM representation for TBI items exists. 
One obvious way out of this conceptual 
dilemma would be to postulate a short- 
term sensory storage for TBI items. Such 
a memory might correspond to the S system 
of Broadbent's (1958) original formulation, 
the one explicitly discounted by the late- 
selection modelers, | including Norman 
(1969). Later we will consider the possi- 
bility of TBI items’ residing (a) in a sepa- 
rate PM or (5) in neither a primary memory 
nor a strictly sensory store. It is this latter 
alternative which is ultimately favored. 
The cross-channel intrusion data of the 
nent (see Table 1) did not follow 
second. Observe that 
itrusions from the last 


first experir 
the pattern of the 
the proportion of it 
TBI input serial position was smaller than 
the corresponding proportion in the second 
experiment (Fig. 3). These TBI items may 


have also resided in a short-term store, but 
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15 


7 8 9 10 MW 12 1] 14 


SERIAL POSITION 


Fic, 3. 


were so perfectly tagged by their ear of 
input that they were never offered as re- 
sponses. Such an interpretation would 
make sense only if those intrusions recalled 
from the last TBI input position in the free 
recall experiment were offered after their 
"ear" tag had decayed, namely, in a later 
output serial position, i.e., after recall of 
other items. All intrusions from the second 
study, including both extralist and cross- 
channel ones, are given in Table 2 asi a 
function of their mean output serial posi- 
tion. Note that all intrusions, including 
cross-channel ones, did in fact appear in 
later output positions. The evidence sug- 
gests, therefore, that no matter what type 
of store UA items were recalled from (pre- 


TABLE 2 
MEAN Ovreet SERIAL POSITION. Fog INTRUSIONS 
AND CI 


KED [TEMS 


Unchecked | t i| Checked 


cross- moge | Checked | Checked 
channel | „estralist channe] | attended ext list 
intrusions | intrusions icio items intrusions 
418 | 457 | 5.33 5.85 6.35 
Q75) | (4047) | uo (355) | (1219) 
ee HE 
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3 tons upon which eacl 
output position for unchec 
mean recall was about 5 


are number of 


The mean 


the 
d. 
Was about 2,5, since 


| point is 
TBR items 


Number of intrusions recalled from the irrelevant ear as à 
function of input « 


ial position, Exp. IH. 


alled only 


PM or otherwise), they were rec 3 
lost. 


after their tag of ear identity was 
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he data clearly suggest that l a um oM. 
of information are largely excluded rgue hat 
Of course, one might still want to arg res 
stor 


there are as many primary memory ha 
there are input channels and that th an 
accounts for the data, However Ea prio"! 
argument can possibly be dismissed MES nad ? 
logical grounds. 1f the human ign e, P 
separate PM for each ear, for adie paps bg 
recall of a list of TBR items should P poticali 
enhanced by presenting the list dis icem” 
lt is doubtful that such an 
would occur. 

The data could perhaps be accot 
a switching model or by an ameina . 
both of which are models traditional” 
when evidence is advanced amm E 
selection. position. Under these i 
effective exclusion of TBI items re nel? $9. atl 
follows from observers having kept "of ? 
(or hierarchy of switches in the EL 
3 Che d, design ton, a 
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from the last input serial position. 
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attenuation model) attuned to the relevant 
channel. The possibly greater damaging effect 
ten RRered ower simultaneous UA inputs 
1 ow from the staggered synchroniza- 
pon of TBI items allowing a greater oppor- 
tunity for the occasional switch. However, 
pne implication of the present data is that such 
ioe SHISE occur almost automatically 
fata M | since it was not reinforced ; 
a ie: PBI inputs "called" the switching 
irs] can it a manner analogous to a periph- 
"M e calling the control of a computer 
Moray" p : : is interfaced la feature of 
might ats 69 model). A switching model 
Bonos so explain „the apparent drop-off in 
Serial "meas Intrusion as a function of input 
those ek (Fig. 3) as loss from memory of 
tary) A ee picked up during an (involun- 
Proble iteh; However, ther is one pos ble 
a Word w aee this latter interpretation. L 
E ere picked up during a switch to a UA 

nel, the 


uniformly acros 


switches occur 
[ itions, then the serial position curve 
and in u dS should mirror the recall eue. 
and ; Hg CASE it does not. (Compare Fig. 2 
effect he intrusion curve lacks a primacy 
Seman it dance ol evidence for parallel 
Channels analysis of both UA and unattended 
SWite m Might compel one to seek a non- 
data * model to account for the present 
With w -Onsider some of the following findings 
(195 Meh our data must be reconciled: Brown 
mp Pund no evidence for attenuation of 


Ud Ves on an irrelevant channel. His 
dc eq tically presented a pair ni wards 
“din In noise, Sometimes Ss were in- 
they, we advance of presentation which car 
Qt. No be tested on; sometimes they were 


Q ^50 qiff A xs 

i the 4; difference was found in recognition 

a loq, P Word as a function of Ss’ prior 

wowed 85 Of the releva ear. Lewis (1970) 
ed elevant ear. 


Ww, 
Ords pj that shadow 


i». Biven A o reaction time to qe 
Con, ic talari one car was alfected by their 
Mitaniy pee with irrelevant words 

ör Ü Weard in the other car. McKay 

Se i istign veo found that the semantic 
Nee iced an attended, but ambiguous, 
xa, Cue Word to one car could be biased by a 
i i given to the other ear. For 
te sentence “The boy threw the 


St the s i 
NUS “the, he bank were given to one ear, 
nt the word "money" or "river 
e 3 ; 
"etai d ty the other ear, the ensuing 


On of 


"bank" could be biased in 


the obvious fashion. Clearly these findings 
Suggest some automatic semantic analysis of 
UA input in parallel with attended-channel 
processing. (Of course, Me Kay's results might 
be accounted for by a switching model in 
which the mechanism that runs the switch 
performs analysis-by- vnthesis (Neisser, 1967). 
Under such a model, a sample of other chan- 
nels might be taken whenever ambiguities 
arise in the interpretation of what is heard on 
the "attended" channel.) 

Suppose then that all input channels are 
routinely given some semantic analysis. How 
then might one account for the present data? 
The conceptualization of processes favored 
here is borrowed not from the attention litera- 
ture. but from memory work. The main 
implication of the data is that although TBI 
items may be analyzed for meaning, it is at 
little or no cost to the short-term retention of 
TBR items. The situation may therefore be 
analogous, perhaps identical, to an intentional 
forgetting paradigm (Bjork, 1970; Davis & 
Okada, 1971). The Ss may be momentarily 
aware or conscious of each TBI event (includ- 
ing its " meaning") but may be able to quickly 
and efficiently forget it. What corresponds to 
the cue to forget, the physical tag of ear origin, 
may be apprehended simultaneously with 
(or immediately after) perception. 

What might the present data specilically 
imply for a better understanding of memory 
in attention. (and perhaps attention in mem- 
ory)? Short-term memory might now be con- 
sidered item- or chunk-sensitive only with 
respect to the retention of TBR items. If 
PM is that short-term store of three or four 
items from which information is lost when 
new items displace old, then PM clearly con- 
tains only attended items. If, on the other 
hand, PM is considered to be a stage of 
processing (rather than a "store"), then its 
defining interference properties are now known 
to be derived solely from the processing inter- 
ference of TBR items. The probability of 
recall of a TBR item did not diminish as a 
function of the number of subsequent TBI 
as a function of the number of 

The basis for this 


items, only 
subsequent TBR items. The 
claim is the finding that UA input had little 
effect on the shape or extent of the recency 
effect for attended items. 

Unless the data reported by others suggest- 
ing parallel semantic analysis of all sensory 
channels is discounted, it might be useful to 
“unattended” input as information 


consider : 
to the system, partially compre- 


irrelevant 


NET qe eee 
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hended perhaps, but then efficiently forgotten. 
In any case, our main conclusion is clear: 
Primary memory need only be for pertinent 
items, instead of for all incoming items. In 
short, we have demonstrated that selection 
can be early, before PM. 
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Che Ss were presented with stimuli of varying complexity 
s either SAME or DIF 
ant features or when they contained irrelevant 
state (SAME or DIFFERENT) with those defined 


were required to categorize rapidly 
stimuli contained no irre 


features that were compatible i 


as relevant, reaction time (RT) was not affected by 


which they 
ENT. When 


imulus complexity 


However, when stimuli contained irrelevant features incompatible in state 
with those defined as relevant, RT systematically and markedly increased 


with the number of relevant features. 
presence of a limited capacity mechanism, oper: 
Which functions only when stimuli contain irre 
ates this mechai 
atures of stimulus input and a stored list of 
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comparison is nei 


This latter finding suggested the 
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mantis investigating the mode of inlor- 
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sa the speeded discrimination task, 
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needed to reach a decision regarding the 
state of a particular dimension varies from 
trial to trial (distributed decision times). 

A number of procedural differences exist 
between the Egeth (1966) and Hawkins 
(1969) studies. The purpose of the present 
experiment was to examine the possibility 
that one of these differences—namely, that 
Egeth's stimuli contained irrelevant infor- 
mation under most conditions whereas 
those used by Hawkins did not— produced 
the difference in processing mode apparent 
between the two studies. The selection of 
this particular variable for study in the 
present experiment was prompted in part 
by an analysis of Egeth's SAME RT data. 
Serial processing models imply that SAME 
RT should increase systematically with the 
number of stimulus dimensions which must 
be discriminated. Depending on whether 
decision times are treated as a constant or 
as a random variable, parallel models imply 
cither no SAME RT increase with increasing 
stimulus dimensionality, or an inc eM 
smaller than that implied by serial — 
To comparatively evaluate as ma els, 
Egeth observed SAME-DIFFERENT s unes 
three levels of stimulus complexity, variec 
instructionally. The physical dimension- 
ality of stimuli remained constant across 
levels of complexity. However, under uni- 
dimensional conditions, Ss were told prior 
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to each trial block to attend to only one ol 
the three dimensions present in stimuli, 
and under bidimensional conditions, to 
attend to only two of the three dimensions 
present. "Thus, stimuli contained irrelevant 
information under uni- and bidimensional 
but not under tridimensional conditions. 
Under these circumstances, SAME RT in- 
creased markedly between uni- and bidi- 
mensional conditions and, surprisingly, de- 
creased markedly between bi- and tri- 
dimensional conditions. Consistent with 
the interpretation offered earlier in this 
article, the magnitude of the s RT in- 
crease between uni- and bidimensional con- 
ditions, both containing irrelevant infor- 
mation in the Egeth study, was well beyond 
that expected on the basis of any of 
the parallel models considered by Egeth 
(Hawkins, 1969). The decline in SAME 
RT between bi- and tridimensional con- 
ditions is also consistent with the view 
offered earlier in this article which implies 
that stimulus dimensions should be pro- 
cessed sequentially under the former and 
in parallel under the latter condition. 

While the foregoing evidence certainly 
buttresses the view that processing mode 
in speed discrimination depends on whether 
comparison stimuli contain irrelevant fea- 
tures, it is no more than suggestive. The 
present experiment represented an attempt 
to provide a stronger and more systematic 
test of this notion. 


METHOD 


Subjects. — The Ss were six undergraduate students 
majoring in psychology at the University of South 
Florida. Course credit was given for participation. 

Incentive system.— To encourage Ss to respond 
both quickly and accurately, a $5.00 bonus was 
awarded to the S exhibiting the lowest average 
“error-corrected 
experiment. 


RT across all conditions of the 
The error correction consisted of add- 
ing 5 msec. to the mean RT (RT! under a condi- 
tion for each incorrect response made under that 
condition. 

A pparatus.—Stimuli were viewed through a Poly- 
Vp two-field mirror tachistoscope at a distance 
p 18 cm. On a desk in front of S were two re- 
coe um labeled same and DIFFERENT, respec- 
Klockou aala latency was indicated by a Hunter 

nter. During the experiment 5 wore car- 


phones over which ; i k 

hich a low-amplitude maski 2 i 
ae E masking J 
was channeled. "o 
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Stimuli. Vhe stimulus ligures were geometric 
forms (Hawkins, 1969) constructed of colored em 
board and mounted on white index cards. T T 
horizontally arrayed stimulus pair appear g "n. 
each trial “subtended a visual angle of 6? on t 
horizontal and 2.4? on the vertical plane. NS 

During each trial block, unidimensional M. 
were judged either on the basis ol color, forn i a 
size. The color (C) deck consisted of pairs wo d 
sq. figures, either blue or green 1n hue. a e 
hues were approximately equal in satura ts B 
brightness. The form (F) deck consisted 2 i in 
of neutral gray trapezoids (approximately equ 


3 ` hic! vere 
brightness to the hues used in € i: ia, cub The 
(height) X 15 (short base) X 17 geng pas! (S) deck 

Gh xese viii ] The size & 3 
long base was either up or down. n squares 


consisted of pairs of neutral gray 
each containing an inked circle (No. 
either 7 or 9 mm. in diameter. ined the 
The bi- and tridimensional stimuli contain’ for 
appropriate combination of features descrita 
the unidimensional stimuli. The three, °° 
sional decks were color/form (CF), color /siz 
and form/size (FS). Cards comprising 
deck consisted of pairs of trapezoids (long 
or down) either blue or green in huc. 1 is 
consisted of pairs of squares (blue or P mn. n 
taining inked circles that were either irs 
diameter. ‘The FS cards consisted circ 
neutral gray trapezoids containing inked vm 4 
were either 7 or 9 mm. in diameter. ” pp a pero 
size (CFS) cards consisted of pairs of T green 
(long base either up or down) either blue le either 
in hue, and each contained an inked ais 
7 or 9 mm. in diameter. d 5 
Only one-fourth of the cards contame nting” o 
that were same so as to eliminate the cont g the 
probabilities appearing in stimulus € 
type used here when same and DIFFI: 
are equated in probability of occurrence 
1969). sigh) 
Condition NI (no irrelevant information ng a 
32-card decks, C, F, and S, were used UPS iden 
dimensional conditions. Stimulus pon a sd 
cal on 8 (one-quarter) of the cards ut € al 
decks and different on 24. 


3 Rapidograpt 


pase UP 
5 card? 


a) co 


7 or 


Three 32-card decks, CF, CS, and yc gn 
under the bidimensional conditioni: ered gon 
contained 24 cards on which stimu! P ime iper? 
8 of these, differences appeared along Ob ag the,” Jol 
on another 8, differences appeare alot ered g 
and on the remaining 8, differences e uie 
both dimensions. ied unde 

A single deck of 112 cards W3 ar 
tridimensional condition (CFS). ! xa shu 
tion of this deck, the entire deck Weed: 
the first 96 cards from the deck were iain 


" ; con F 
eight. (one-quarter) of the cards ©° rye p! 
identical along all three dimension? it 
cards consisted of seven equal-stZe^ 7 ey 


were C, F, S, CE, H 
deck was included so that 
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Same total number ol 
under Cond. I. 
Selle T (irrelevant mjormation). „Six 32-card 
dm uic Ed under the unidimensional condi- 
Si) amd b ks were C(F), Ct), FS), FC), 
aris " *(C) where the letter in parentheses 
a notes. the dimension that was to be ignored by S. 
E stimulus pairs were identical along. the 
each at cision on only one-quarter of the cards 
ane des these decks. On one-half of both the 
along Hie pu KENT pairs, stimuli were identical 
The irrelevant dimension. a 
sional cj. mee d ‘ks were us d under the bidimen- 
and FS(C) ihoni Fhe decks were CF (8), CSF), 
stimuli diffe Zach deck contained 24 cards on which 
One dinis d. On 8, dillerence: ppeared along 
sion; on 8, differences appeared along the 
remaining 8, both dimensions 
Again, on one-half of all trials, in cach 
nó bxc Mention described stimuli differed along 
evant dimension. 
bor i pair presented within Cond. | was 
Telationshin ^e of two subconditions based on the 
"levant i pln that pair between the states of 
releva, id irrelev nt dimensions. If the states 
both Wem and irrelevant feature agreed—e.g., 
as aso SAME or both were DIFFERE r—the pair 
ined to the Irrelevant-Compatible condition 
_ the states of relevant and irrelevant 
SAME along 


uial under Cond. NI as 


reley 


p, 9n. T 


rocedure. 


tme 1 of the six Ss participated in all 
Ss. conditio, 


Were ine ns of the experiment. Halt of 
Minang 2 instructed to respond SAME with their 
» While th and DIFFERENT with their other 
onse ud 16 other half were given the opposite 
Ssignment, All Ss served in six experi- 
Sons——three in which there was no ir- 
elev Mation (ND) and three in which there 
hin C. information (1). 
1 9nd. NI, three se 


Tea. 
the 


irate orders of. pre- 


Each order contained the following 
Che three unidimensional conditions 
another in a block, as did the three 


Wal eps E 
ms Conditions, (5) the order of the unt, 
ne 3x3 
a i i id (c) 
Mie g BET : . 
pod bidimensional blocks the order 
Conditions. formed a Latin square 
S 
» *ceiy . . 
i, Ona uM 32 trials in cach of the uni- and 
nal eg onditions and 96 trials in the tri- 
Con: ition (CFS) 
4 > Were l three different orders of the nine 
d d s( ) ce ODStrücted for each S... C(F), 
1 Cor tip, ur netted one block; C(5), F(C), 
d FS ed the second block; and CF (S), 


e s three ae up the bidimensional block. 
“nidi le "ders had the following features: 
"5ional conditions followed each 
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other within their blocks, as did the three bidimen- 
sional conditions; (5) the order of the two uni- and 
one bidimensional blocks formed a 3 X 3 Latin 
square over the 3 days of trials; and. (c) within the 
uni- and the bidimensional blocks the order of 
particular conditions formed a Latin square over 
the 3 days of practice. Each S received 32 trials in 
each of the uni- and bidimensional conditions. The 
order in which Ss received (1) and (NI) trials was 
balanced over the 6 days of practice. 

Before each condition, Ss were told which dimen- 
sions were relevant. There were short rest breaks 
between the blocks of uni-, bie, and tridimensional 
trials. 

Before the first experimental session, a practice 
session was given which consisted of a series of 
20 SAME-DIFFERENT trials judging letter pairs 
(AA, AB, BA, BB). The practice served to insure 
that Ss were familiar with their respective response 
assignment. 


RESULTS 


Same reaction time data.—The same RT 
data were broken down according to stimu- 
lus condition (C, F, S, CF, and FS), level 
of practice (Days 1, 2, and 3), and type 
of irrelevancy—no irrelevant information 
(ND), irrelevant-compatible information 
(I-C), and irrelevant-incompatible infor- 
mation (l-1). 

The median of each S's latencies under 
each condition was taken and the same RT 
value appearing in Table 1 represents the 
mean, across Ss, of these medians. A minor 
variant of this procedure was used under 
Cond. I-C and 1-1, in which each dimen- 
sion, when relevant at the unidimensional 
level, was represented by two decks, one 
with each of the remaining dimensions ir- 
relevant; eg, the color dimension was 
represented by decks C(F) and C(S). In 
these cases, Ss median was taken for each 
deck, the mean of the two medians was 
computed and the value appearing in the 
table represents the mean, across Ss, of 


these means. 
A major objective 


of this experiment was 
to determine whether or not the presence 
stimulus information influ- 
mode in speeded dis- 
(1966) has described 
|-processing models. 


of irrelevant 
ences processing 
Zgeth 


crimination. — 
several specific paralle ( : 
Among these, the one which has gained 
t most empirical support (Hawkins, 


the 4 
including the assumption that 


1969) is one 
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| al the time required to make a decision re- 
= a garding the state of a particular dimension 
= varies randomly from trial to trial. (dis- 
a tributed decision times). , 
P This model implies sam: RT will in- 
| crease with stimulus complexity, but the 
| magnitude of the predicted increase 1$ 
less than implied by serial processing 
models. To sharpen the difference es 
tween the parallel/distributed and seria 
models, Hawkins (1969) devised a forma 
procedure for estimating the upper limit 
based on the parallel /distributed model 9 
the increase in same RT between any Un" 
dimensional condition, Y, and a bidimen: 
sional condition, XY, where RT to Xo 
the unidimensional level is greater than M. 
X. This procedure was applied tO p 
data of the present experiment. The T 


sulting parallel upper bounds ae a 


imension? 


G 
685 


CE 
69 
(9.1) 


Irrelevant-incompatible information 


formation 


served values greater than the é 
PUB were interpreted as reflect 
kind of underlying serial process. 
Under Cond. NI only one of ; 
obtained latencies for bidimensional SDUB: 
lus pairs exceeded the associate’ 
The single exception occurred On t pidiz 
day of practice for the most difficult "LC 
mensional deck, FS. Under Con Fa 
two of the nine bidimensional latencies, 
on Days 1 and 2, exceeded PUBS. ‘com 
ever, when stimuli contained a” fa 
patible irrelevant dimension onda 
the observed bidimensional RTs e sibl 
ably exceeded the PUB in all nine 
cases. 1 
The data appearing in Table, nce, 
subjected to an analysis of bi rir 
which stimulus condition, conditio? re 
relevancy, and day of practit 
treated as repeated-measure 
bles. This analysis revealec 
tion of irrelevancy (A), P 2, 5 
stimulus condition (B), 


cot 


B ole 
wen low 


No irrelevant information 
| 


day of practice (C), FQ; 10) "i 35 m 
2 the BC interaction, F(10, 5 4 jevel: , dE 
| 9 : 7 all significant at beyond the - 0, and 


AC interaction, P(4, 20) = á 
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ABC interaction, F(20, 100) = 2.0, were 
Significant at beyond the .05 level. 

To gain more detail regarding the effects 
of condition of irrelevancy, subsequent 
Comparisons were made using a two-tailed 
"isher's least significant difference (LSD) 
Ust, with the criterion of significance set 
ES This analysis showed that the main 

ect of irrelevancy condition was due to 
ene latencies on trials where stimuli 
tion (1S1 irrelevant-incompatible informa- 

SD = 22.6 msec.). No latency dif- 


erencos . S 
Le appeared between Cond. NI and 
aken together the foregoing analys 


ke that irrelevant stimulus informa- 
the m uenced SAME response lateney in 
Teley, SED experiment only when. the ir- 

ant feature was incompatible in state 
: » Televant features of test stimuli. 
pues also revealed that the effects 
Ormatig RT of irrelevant-incompatible in- 
i 'on were significantly greater for the 
in 22 for the unidimensional stimuli used 
IS study, Finally the significant 
anap corde interaction obtained in the 
the of Ser the same RT data revealed that 
Ratio nt of irrelevant-incompatible infor- 
litio ' specially under bidimensional con- 


sped level of practice were all treated 
à measurement variables. In 
Si however, Cond. I-C denotes those 


a 
ls 
à On whin : ‘i x 
Which comparison stimuli differed 


evant dimensions and also along 
“ant dimension, Cond. 1-1 refers 
tha t k iere stimuli differed along all rel- 
jae ee and were identical along 
Ance Beads dimension, The analysis ol 
ht en that condition of irrele- 
(5, 25) 0 7 25.8, stimulus condi- 
10) 2°) = 25.54, level of practice, 
the Irrelevancy 
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with the state of the relevant features of 
test stimuli (LSD = 28.8 msec.). The in- 
teraction of condition of irrelevancy and 
level of practice indicates the effect of ir- 
relevant-incompatible information declined 
with practice. 


DISCUSSION 


This experiment was designed as a test of 
the idea that processing mode in speeded 
physical discrimination depends upon whether 
stimuli contain irrelevant information : If stim- 
uli are free of irrelevancy their relevant fea- 
tures will be compared in parallel; if not, the 
comparison process operates in seriatim. The 
intent of this hypothesis was that the processing 
mode in situations of the present type presum- 
ably is determined prior to stimulus onset by 
the instructions which specify whether or not 
the oncoming stimulus pair would contain ir- 
relevant information. A strong implication 
of this view is that serial processing should 
have been evidenced on all trials where stimuli 
contained irrelevancy. The data showed 
clearly that this is not the case: Among the 
bidimensional stimuli containing irrelevant in- 
formation, only those exhibiting state incom- 
patibility between their relevant and their 
irrelevant features were processed serially. If 
the states of relevant and irrelevant features 
corresponded, or were compatible, then the 
relevant features appeared to be processed in 
the parallel mode. This finding is of particular 
interest in view of the fact that Ss could not 
have known prior to stimulus onset under the 
irrelevant information condition whether the 
irrelevant features of the upcoming stimuli 
would be compatible or incompatible with 
their relevant features. Taken together these 
considerations suggest two things about the 
processes underlying performance in the pres 
ent task. The first is that the SAME-DIFFERENT 
stimulus comparison functioned as a parallel 
operation under all conditions of this study. 
The second is that when the stimuli contained 
irrelevancy and the result of this initial parallel 
comparison was state imcompatibility, a sub- 
Sequent operation, apparently serial in nature, 
was evoked. 


The nature of this subsequent process was 
brought into focus by an examination of the 
differences between the experimental circum- 
stance where the process operated (Cond. I-I) 
and those where it did not (Cond. NI and 
Cond. L.C). When stimuli contained no ir- 


releva i i 
levant information or when thev contained 
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relevant information and their irrelevant a 
mensions were compatible in state with those — 
that were relevant, there was no logical neces 
sity for the relevancy (or irrelevancy) of E. 
constituent features of the test stimuli to B 
ascertained. This is obviously true wt 
first of these two cases, where stimuli coniu E 
no irrelevant features and S was per 
this prior to stimulus onset. It is no pu 
in the second case inasmuch as the eor: S 
ness of Ss decision regarding the oF Went 
state of test stimuli logically was indepen ae 
of the relevancy of any feature or a hed 
tion of features present in the stimu unani- 
all dimensions present in test stimuli "7o 
mously indicated a single decision 

SAME or DIFFERENT. 

The S's task under Cond. l-l Wee 
complex one in that the relevant and dp atible 
features of test stimuli offered ingore che 
information regarding the overall 5 a in this 
stimuli pair. It, therefore, was aer 
case that S distinguish between those yd those 
of the stimuli which were relevant ae the 
which were not, We are inclined vom uishine 
view that it was this process, © : the 


a more 
levant 


istun 
f dis i 


a 

sens features i 

the relevancy of the various c apparent 
i ] the € , 
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serial component of the latencies lo 
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conta: RE s , ; 
Main no irrelevant information, or if they 


TES ali dimensions are judged to be in 
TEPE fe ne pu output of this parallel 
response [ote ias as the immediate basis for 
ever, if stimuli OF DIFFEREN T) selection. How- 
information . vies known to contain irrelevant 

ton and if state incompatibility results 


Tom the inii; 
© initial SAME-DIF c aris 
then mein -DIFE r comparison, 


ashion to de 


a seemingly serial 
termine which of the state-labeled 
rising stimulus input are relevant. 
‘available evidence concerning the 
. Practice on the mode of memory scan 
ret al, 1963), we interpret the 
feet of irrelevant-incompatible in- 
! inceoasin present study as the product 
e input-men g a ility with practice to make 
n the fore ee comparison in parallel. ; 
Seria] surdi, analy is we operationalized 
L1 ation there Notion in terms ot the 
increased ü t response latency under Cond. 
he numbas or a parallel upper bound) 
pecia of stimulus dimensions which 
ap P Vant "e Sorized as either relevant or 
Ownsend (1971) has described 
the theoretical distinction. be- 
Im y that cd serial processing which 
Prog Per bound CY Increases beyond the paral 
essing ii do not necessarily imply that 
tioning win Seriatim, A parallel operation, 
System = un a limited capacity process- 
Be eus Also yield these results. 
Y» it is possible that categoriza- 
parallel, but the rate at which 
essed declines with increases 
Stimulus dimensions requiring 


S are 
n 
Dump. p 


categorization, Thus the greater the number 
of attributes processed, the greater the total 
time required to process all dimensions. Based 
on Townsend's analysis, the data of the present 
experiment (like those of, e.g., Sternberg, 1966) 
suggest that memory scan is either a serial 
operation or a parallel operation the pace of 
which slows with increases in the complexity 
of the array scanned. No stronger conclusion 
is permissible. In either case, however, the 
present results seem to provide a reasonable 
interpretation of the discrepancy apparent be- 
tween Egeth (1966) and Hawkins (1969). 
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READING SPATIALLY TRANSFORMED DIGITS! 


RICHARD L. TAYLOR? 
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Ina yEs/No reaction time task, Ss decided whether words described the same 
appeared either normally or after 180° rotation 
s, and were read either from left to right or from 
test in reading digits rotated around their Z axis, 
gued therefore that these flat stimuli may be processed as two or 
Spatially transformed. digits shown to 
the left of Ss' point of fixation, and read from right to left, were recognized 
faster than when shown to the right of fixation, and read from left to right; the 
reverse was found for normally oriented digits. 


number as digits. The digi 
around their X, Y, or Z a 
right to left. The Ss were fa 
and it was 
three dime 


sional objects in depth. 


A familiar symbol on a printed page 
appears in essentially two dimensions of 
visual space, whereas the familiar contexts 
in which such symbols normally appear, 
such as books, are three dimensional 
objects. It is possible, therefore, either 
that the process of recognizing familiar 
two dimensional patterns is different from 
the process of recognizing familiar objects, 
that the spatial orientation of printed 
symbols is irrelevant to their recognition, 
or else in some sense that pattern recogni- 
tion occurs as a special case of space 
perception. 

One of the possibilities is implausible. 
Since it is obvious that an S can recognize 
a familiar symbol regardless of its spatial 
orientation, there may be features of such 
symbols which are invariant under all 
spatial transformations. If this notion 
were true, one ought to be able to easily 
locate and identify orientation invariant 
features of patterns. This is not an easy 
thing to do. It is easy, however, to 
discriminate between different spatial trans- 
formations of a symbol, providing that the 
figure is not symmetrical. This implies it 
is not invariances of the figure but the 
invariances of spatial transformations 
which are learned and which make it 
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wm bol 
possible to recognize a familiar symbo 
regardless of its spatial orientation. 

The two remaining poss 
equally plausible at first glance, 
because the transformation of 
symbol around its axis of depth 
as a result of transforms in either de i 
in two dimensional space. Consider, a 
example, a plastic digit 1. 
page, and appearing to O in 11$ 150 pe 
orientation (N). The digit might 2^. to 
turned over, from side to side, ari 
now appear as a mirror image of a ane 
oriented “1.” The operation of tree 
digit over in this way is equivalent en in 
rically to rotating the piece 180 m mig 
y, or vertical axis (Y). However: 
have chosen instead to turn the 
from top to bottom, thereby prO 
inverted mirror image of tm 0 
second type of operation 15 or, 12 
geometrically to rotating Wey P 
around its x, or horizontal aXi$ V ea 
shows how the digit would aPP 


a r 


(z) 


Fic. 1. The digit “1” 


after 180° rotation aroun 
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Both 
"legitimate," 
the principal spatial 
a printed page. The third 
“legal” only in three dimen- 
- Space, because it involves 1809 
Totation around the z axis, the axis of depth 


after either 180° x or y axis rotation. 
of these transformations are 
Since they utilize 
dimensions of 
Possibility is 

Sional 


o. It is something one might do to a 
ook. But a digit appearing after a Z 


ininsform is identical toa digit undergoing, 
a CRY order, both an X and Y transform. 
ee proof of this assertion can be 

ained by drawing an asymmetric figure 
3 piece of paper. In either sequence, 
Brain the paper Over top to bottom and 
i Side to side. The result is the same 
1 5 the paper had simply been rotated 
tha, ound its axis of depth. The fact 
a person can recognize a printed 
appears after a Z transform, 


printed symbol in a page 
X nensional space. 
Po read lines of text from a page, 
We fag si Istently make fewer errors and 
az Pa with letters that have undergone 
“trong mslorm, but are slower and make 
| ton Be frequently with letters having 
ene an X transform (IXolers, 1968; 
"su SS Perkins, 19694, 1969). This 
2 Surprising because if Ss were 
dut. transform in two dimensions 
Sively applying X and Y trans- 
Would have expected that Z 


p arder than either or both X and 
ately, 


de | 
oa 
du is f: 

d the 8° Possible 
MIT nS 'Tection 
Ang Ir 


that spatial orientation 
5 ive Ss read may interact to 
TN ed of recognition. Kolers 
“hoot “face (1969) report that letters 


on, ce 

DN lead ie the left are named faster 

‘Ste, That ^u left to right, whereas 

i hi when mer dg the right are named 

NM Pun mg rons right to left. 

tally Tate in this study was to further 

tig pasform Alive difficulty. of spa- 

Mis | ste Ed symbols in a reading 

S Wh; ad of | 5 
oy lth ya etlers, however, only 

leng, Present 


a unique pattern in 
used as test stimuli. 
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LEFT + RIGHT Riet > Leer 
N= * 12 21* 
X= «IS SIs 
Y= "Is Si 
Zs « I [4 C ji * 

Fic. The digit number, 12, as it would appear 


to an S. (The variables combined orthogonally are 
reading direction (left to right, right to left), signaled 
by the position of the asterisk, and spatial transform 
(Normal, or 180° rotation around x, y, orzaxis].) 


In addition, it seemed plausible that the 
direction figures are read might be a 
particularly important variable when the 
same visual patterns mean two different 
things, depending on how they are read. 
Thus, — 24 is twenty-four, but 24 — is 
not. 


METHOD 


Design. ~The experiment followed the basic plan 
shown in Fig. 2. There were two principal variables: 
spatial transform, represented by digits appearing 
either in their normal orientation (N), or after 180? 
rotation around their x, y, or £ axis; and reading 
direction, represented by an asterisk appearing 
either to the left or right of the digits (an asterisk 
appearing on the left indicates „that the digits 
should be read from left to right). There were 11 Ss 
and each S was tested in all eight conditions. The 
order of conditions was determined randomly, and 
a mixed-list mode of presentation was used. f 

-l pparatus.—Apparatus consisted of a b ul 
scope equipped with automatic paper-tape PR 
changers (Scientific Prototype, 2-channel, with 
BCI changers), a general purpose digital computer 
(NOVA), and a millisecond timer (Hunter). The 
tachistoscope presented stimuli to S, who responded 
on each trial by pressing one of two leve - W hen a 
correct response was made, E entered S's reaction 
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TABLE 1 


Max DIGIT NUMBER RECOGNITION TIME (MSEC.) BY SUBJECT, READING 
DIRECTION, AND SPATIAL TRANSFORM 


Left to right | Right to lett 


S — = a — y = i 
N | xX | Y | zZ | N X N 

1 563 | er | 638 "TE 610 
> | 88 | om | 926 | 801 s71 
3 | 682 | 746 | 751 690 709 
1 699 792 762 707 | 099 
5 502 564 (0828 520 (0820 
6 660 157 806 mi | | m 
7 607 | 601 | | 635 | 602 | | 59 
8 603 | 695 697 | O61 | 6583 | | 691 
9 62 | 726 721 720 683 | 726 
10 916 | 1015 1013 | 93 976 | 981 
11 73 | 98 928 891 902. | 913 

» | | | 

X | oo | mé 760 751 722 MEL e TE 


tion through the z a 


time into the computer. Stimulus changers then — accurately as possible. On any given t 


incremented position and automatically started shown a word number followed by 2 dig 
another trial, 


Fhe: digit 
s : ; The Ss’ task was to press one lever il eet and 
Stimuli.—Yhe stimulus sequence in one trial described the same number as the words i ri ed ? 
consisted of a word number (e.g, twenty-three) to press another lever if the digits dee Leve 
followed by a digit number (eg, 17). Word different number than the words (N07 
numbers were shown in Channel 1, digit numbers in.— were assi ecd 
Channel 2 of the tachistoscope. Both types of A 
stimuli were produced by the computer via tele- 
printer directly on paper tapes. The program which 
generated the stimuli used a random number func- 
tion to produce a mixed sequence, subject to the the number was read corr . g 
following const unts: the digits 1,2, 5,4, 5, 2 inall interval was fix d "n 5 sec. Word num n 
possible pairs excluding twins formed the population — exposed for 4 sec., while a response DY gaer 
of potential numbers; no number was permitted to the exposure of adi sit number: 
follow itself within two trials; an equal number of n USE 
trials occurred in which the word number and digit 


An asterisk (*) appeared in the ce! 
of view in the tachistoscope (see i 

í T > ‘Toft at 
digits were presented cither 2° to the Fn way um 
of the asterisk, with position signaling ig interit 


zig t 


number agreed and disagreed; and the frequency of RESULTS 

each combination of reading direction and type of y0b. 

spatial transformation for digits fell within 10% of The overall error rate was 6 v 
all other combinations in the series. trials were omitted from the ane? 


Since Channel 1 of the tachistoscope produces a latencies. In order to obtain sc 
Y transform of the stimuli, relative to S, it was ace = ene correct 
necessary to produce word-number tapes by using DRRGHOH. time for each se d 
a carbon. Also, since à mixed-list design was used, stored in the computer 32? peri n 
it was necessary to run cach digit-number tape logarithm and sorted by €^ 
through the teleprinter four times, varying feed condition. At the end of a s 


direction à aceme f a carbon. These tapes N : vrte 
ction and placement of a carbon hese tape were obtained on converte 


were then punch coded and placed in the automatic . ini i by exp? 
stimulus changers of the tachistoscope. ght ODE tion, reconvertec er with 
different sets of tapes were produced, representing printed out by the comput fo 


gy m . M i n 
eight different randomized sequences. of S's performance. A e i paine 
1E 


g m ep ADE 
the eight sessions. SINCE an 
react 


-OSubjets.— The Ss were seven male and four in each condition was then ? 
female undergraduate students at Memorial Univer- 
sity. All Ss stated a right hand use preference, and — 5, qz : 

each was paid for his time and services. The Ss indication that mean s 
were volunteers hand interacted with 4 


E PR- 

- E 8 

V "s un 
— 


t 
xd. Jo" 
?roce ` Sai Fë ole E 
B. es All Ss were tested individually. They conditions, hand data wer’ V duced 
€ given instructions to respond as rapidly and as The Ss consistently Ji 


READING SPATIALLY TRANSFORMED DIGITS 


reaction times for N transformed digit 
numbers, and generally were faster with Z 


transformed digit numbers. The same 
rank-order ditheulty has been reported 
Previously: when Ss’ task was to read 


letters from lines of text (Kolers, 1968; 
Kolers & Perkins, 1969a, 19695). Also, the 
ailure to fing consistent differences between 
and Z in this task parallels reaction time 
data obtained by Shepard (1971), who had 
dr, decide whether two perspective line 
ie portrayed objects of the same 
Bot = mensional shape or not. lt does 
@ppear to be true in general, however, 


wi familia symbols are recognized casier 

read: oe face the same direction they are 

et transformed digit numbers, which 

times M the left, produced faster reaction 

read f, en read from right to left than when 
Th Tom left to right by all Ss tested. 


possibile with but 2 exceptions out of 44 
A les, were faster with normally 
igit numbers read from left to 
and Spatially transformed digits read 
Tight to left, 


Discussion 


lt n. 
findi 1s Dossible 


ning, į to account. for the principal 
“rma ie the following way. While reading 
Me op XU One is most likely to have at one 


be an 

Jo]. othe 
í onek that 
Ming she 


r tried to read symbols from a 
Was upside down (Z); occasionally, 

"ve tried to read them from a 
‘and very rarely would one have 


qd O re. 
Ow, P read through a 


i (X 
(re p 


operators (*). The 
"ach spatial transformation 
Process, consisting first of 
E symbol and then deciding on 
Meg Atr ti m the resulting shape. Once the 
Sf a | Tnation underlying the appear- 


Syr : a 
Ymbop has been identified, the 


399 


symbol can be made normal (n) by reapplying 
the same 180? transform: thus, N*N > n; 
X*X — n; Y*Y n; Z*Z— n. Differences 
in speed of recognition occur in response to 
differences in how long it takes to identify 
which transform a symbol has undergone, with 
diflerential familiarity being the critical vari- 
able. This pattern recognition device would 
work equally well with templates or topo- 
graphic features lists. The principal difficulty 
is its implausibility : 1t assumes that Ss process 
symbols appearing on a flat surface as if they 
were three-dimensional objects. 

A more parsimonious model assumes three 
primitive generating operators Qu Y, Zh 
implying that a decision about any threc- 
dimensional transform can be made by normal- 
izing across either one or two primitive 
operators. In order to decode an X transform, 
for example, X*Y*Z — n. Since two primitive 
operations occur serially, the process takes 
longer than either primitive alone, 

If Ss used the asterisk appearing with each 
digit number as a fixation point, as instructed, 
then all spatially. transformed digit numbers 
were processed faster when they were projected 
to the right cerebral hemisphere, while 
normally oriented digits were processed faster 
when they were projected to the left cerebral 
hemisphere. lt is tempting to speculate 
further, therefore, that the process of normaliz- 
ing symbols for orientation is dependent on 
mechanisms in or driven by the right half of 
the brain. 
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INTERFERENCE IN SHORT-TERM RETENTION 
OF DISCRETE MOVEMENTS! 


A. S. FAUST-ADAMS* 


University of Michigan 


The retention of discrete lever movements was examined, with additional 
movements of the same lever interpolated in a 12-sec. retention interval. 
In Exp. 1, the position within the retention interval of one or two interpolated 


movements was varied. The absolute error of recall was 
as the amount of interpolated material increased, and as 
toward the end of the retention interval. 


ignificantly greater 
ts position moved 
In Exp. II, four types of move- 


ments, ranging from a complete active movement to a complete passive 
movement, were interpolated. Forgetting was directly related to the amount 
of motor output during the retention interval, indicating that the most 
important information used to encode a discrete movement is the motor out- 


put required to execute it. 


Williams, Beaver, Spence, and Rundell 
(1969) have shown that retroactive inter- 
ference effects can be demonstrated in the 
short-term retention of discrete motor 
movements. Such movements, however, 
may be seen as involving a number of dis- 
tinct components, such as the motor out- 
put required for the movement or the feed- 
back the movement generates. The present 
experiments were designed to determine 
how much of the total interference effect 
is attributable to each of these components. 
It can then be argued that the original 
movement is encoded in terms of those 
components which produce the greatest 
interference effects. 


EXPERIMENT Í 


The original design for an experiment to 
compare various interference effects in- 


1 This report is based on a dissertation submitted 
by the author to the Horace H. Rackham School of 
Graduate Studies, University of Michigan, in partial 
fulfillment of the requirements for the PhD degree, 
The research was supported by the Advanced Re- 
search Projects Agency, Department of Defense, and 
monitored by the Air Force Office of Scientific Re- 
search, under Contract AF 49(638)-1736 with the 
Human. Performance. Center, Department. of. Psy- 
chology, University of Michigan. Reproduction in 
whole or in part is permitted for any purpose of the 
United States Government. The author is indebted 
to A. W, Melton for his advice and encouragement, 
and for his critical reading of a draft of this paper. 
a ee d reprints should be sent to A. S. 
Eus Unire, w E p ro at the School of Psychol 
New South Mies "o mox Wales, Kensington, 

ales 2033, Australia. 


nt 
" : -— vene 
volved interpolating different move” hin 


: e a with 
components at different positions, neces 


dent's desk chair was a lever which coule e, Ito 
horizontal plane through an angle o rallel 
left-most position, the lever was pr m 
frontal plane. It was equipped with dt S gr 
port and an adjustable vertical bar, WPIC ig a 
with his hand. In Exp. 1, 
moved by S. In Exp. [I, it was some 


vor WAS Ss 
the leve. 7. ved jo 
times 


these circumstances a torque of 15 Ree i 
cient to cause the clutch to slip anG ever s 
moving. There was a shield over the sd 
was not able to see either the lever 2: aca 
Instructions were presented to S refs 
display controlled by a PDP-1 comp" stor 
puter was also used to control the ge 
direction, the clutch and the brake 
the position of the lever. | 
Design.— Each S was presente ion 
comprising eight experimental gare fac E 
angles, and two replications, 1 a fs 
The trials were presented in r sea 
exception that one replication M ence ic 
the other was begun. Any, differ ractie 
replications therefore constitut sed 
The target angles which were u5 
to 407 in 5° steps. " 
A preliminary experiment tion ? 
of the target angle and the dire 


ps a 
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INTERFERENCE IN THE RETENTION OF DISCRETE MOVEMENTS 


tion had significant 
Done of the inter, 
ol interest, 


effects on algebraic error, but 
actions involving these factors were 
Direta a ‘he presna experiment, the Angles 
tion of Recall trae Sesentafioir and Angles X Direc- 
With the E Ande ractions were therefore confounded 
Paired 3a B E: Sats Within each S, each angle was 
cate a " red incomplete-block des gn, with 
two direct. the four possible combinations of the 
of recall o ot presentation and the two directions 
combinatie Cross every four Ss, however, all possible 
Phe ONS occurred equally often. 

Se, penn et interval in this experiment was 12 
in each i DE four interpolated movements, one 
ion iter ur sec. intervals into which the reten- 
the eight die conceptually divided. In each of 
tion itera EG, treatment conditions, the reten- 
retention ian MASS filled differently. In Cond. 1, the 
Fe Was fll terval was unfilled. In Cond. 2, 3, and 
In orid jed, with just one interpolated movement. 
Position ; " this mov ment occurred in the first 
n Cond 3; in the first of the four 3-sec. intervals. 
two middle it occurred equally often in each of the 
the ast jc, Positions, and in Cond. 4 it occurred in 
Men SG In Cond. 5, 6, and 7, two move- 
the ast curred in the first two, the middle two, and 
Cong, Nus positions, respectively. — Finally, in 
With our Ne retention interval was completely filled 
Ways iis interpolated movements. The various 
Show, Which the retention interval was filled are 
ally in Table I. 


The Schematic 
Starting struction of each trial. 
from wit for the target movement was chosen 
NI ir of di a 90? “Working range," placed in the 
M here: lever's 130° movement range. There 
» "eng bus an additional 20? of movement at 
th S. The rds the lever struck against the fixed 
tape ninie 4 point for all movements was 
hen! "oven Y, but with the restriction that if 

MS Ent was made accurately the lever would 
Putside the working range. 

-2 through 8, interfering movements were 
2etWeen presentation and recall, each 
aking approximately 3 sec. The finish- 
s td each of these movements was chosen 
en the working range, with the restric- 
EU movement should be at least 5? in 
© starting position for recall was always 
rect; {he restriction that S could not predict 
f recall, 
“ach trial, including the first, began 
AY of the word rest for 8 sec. During 


For each trial, the 


as 


With etre,- d 


s. Alii le ley, a e 
si dt trial € lever was set to the starting position 
lis t LEVIN a t the end of this period, the words 
Phe “eteq ó Were displayed for 4 sec., and S was 
With Wordg ME his arm on the lever at that point. 
Doe tirów E AND REMEMBER then appeared, 
“igna Pria di beneath them indicating to S the 
“hoy! S Moved wee for him to move. On this 
Dy until g à the lever in the direction of the 
‘Ons Cong © brake came on 
Mae Ing » and f. LR r 

: or the rest portions of the reten- 


"in. ter. 
Stj Neg ali 
ij *d pi. ! Cond, 2 through 7, the screen re- 


tiny "k, a ] ji s 
Ulp Lor nd S was instructed to keep his arms 


ome ; x 2 
© instruction appeared. When an 


TABLE 1 


LOCATION OF THE INTE 
WITHIN THE RE 


Condi- gebraic | q, 
dm [T —T ER | variance 
Ist 2nd | 3rd 4th | 

1 | — .92 | 58.98 
2 Xx | —1.24 | 61.64 
3 «Nu | — .73 | 61.12 
" | | X 95 | 75.60 
5 N NE d | — .16 | 57.16 
6 ESSE — .39 | 65.01 
7 | |X [Xx]. 2| 8.68 
8 X|X*X|*]|X]-6| a0 
Note.—Algebraic error is measured in degrees. 

a An indicates the presence of interpolated material. 


* Material is divided between these two positions, 


interpolated movement was to be presented, a num- 
ber and an arrow appeared on the screen at the be- 
ginning of the 3-sec. interval. The number repre- 
sented the distance in degrees through which S was 
to try and move the lever, while the arrow indicated 
the direction. After this display had been on for 1 
sec., the word MOVE appeared above it. The S was 
instructed not to move until this appeared, Once S 
started moving, the lever's position was read every 
200 msec., and the end of the movement was defined 
as having occurred if the lever's position did not 
change by more than 2° in any 200-msec. period. 
The S was allowed 2 sec. to complete the movement, 
making 3 sec. in all for each interpolated event. In- 
structions stressed that ch movement had to be 
made smoothly and deliberately and that corrections 
could not be made once S stopped moving. 

At the end of the retention interval the word 
RECALL was displayed, together with an arrow indi- 
cating the direction. This was a signal for S to tr 
to move the lever through the target angle, 3 sec. 
being allowed for him to complete the movement, 
Finally, the word REST appeared, which was a signal 
for S to take his arm off the lever and rest it in his 
lap. 

Whenever S made a mistake by failing to follow 
directions, a signal such as WRONG DIRECTION ap- 
peared for 2 sec. to indicate the nature of the mis- 
take. This was followed by REST, then by the be- 
ginning of the next trial. The aborted trial was then 
automatically repeated at the end of an arbitrary 
block of trials in which it occurred. 

Each S was given two short practice periods, The 
first. period continued until S had completed five 
consecutive trials without any mistakes, such as 
moving in the wrong direction. Instructions were 
then given on the bonus system, which was 3¢ each 
time S reproduced the angle to within +2° of its 
correct value, During the second practice period, S 
was told after cach trial whether or not he had at- 
tained the criterion, and the practice ended w hen he 
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ABSOLUTE ERROR (DEG) 


M 
o 


o [ 2 3 4 
NUMBER OF INTERPOLATED MOVEMENTS 


Fig. 1. Absolute error as a function of 
amount of interpolated material. 


had attained it three times, or had completed 10 
trials, whichever took longer. 


Subjects —The Ss were 28 right-handed males who 
had volunteered to serve in paid experiments. They 
were paid at the rate of $1.50 per hour, plus a bonus 
based on performance. All were naive to motor- 
retention experiments. 


Results and Discussion 


The dependent variables were the abso- 
lute and algebraic errors to the nearest 
degree. The experiment involved a total 
of 2,688 trials, of which 75, or 2.8%, were 
missing. Although trials on which S made 
an error were repeated, there were some 
occasions when the paper tape was misread, 
with the result that an impossible. trial 
was attempted. In such cases, the program 
automatically continued with the next trial. 
Since there was no case in which a trial was 
missing from both first and second replica- 
tions, each missing trial was simply re- 
placed with the corresponding value from 
the other replication, and the degrees of 
freedom were reduced where appropriate. 

A four-way analysis of variance was 
carried out on the absolute errors, the fac- 
tors being Ss, practice, treatment condi- 
tions, and angles. The treatment condi- 
tions will be discussed below. Although the 
Practice effect was not significant, the angle 
effect was significant, F (5, 133) = 7.30. 
p < 001. There were significant interac- 
bons of Ss with treatments, Æ (189, 870) 


= 1.39, and of Ss with angles, Æ (135, 870) 
= 3.67, both ps « M. 


Vhese reflect greater 


- ADAMS 
variability across treatments and angles 
for some Ss than others. . 
The overall effect of amount of inter 
polated activity is shown in lig. 1. TuS 
data have been averaged across € ond. 2» 
and 4 to give the mean effect for one inter 
polated movement, and across Cond. S é 
and 7 for two movements. The significant 
of the effect. of number of interpolate 
movements was tested with a plane 
comparison in which weights ol —3, hë 
—1, —1, 1, 1, 1, and 3 were used for t 


s » Aor. CLhé 795 
eight treatment means in order. eS 
sults were significant at the 97 in- 


F (1, 189) = 6.54, showing 3 direct ae 
crease in absolute error with an increas’ 
the number of interpolated move 
retention interval remaining fixed. pm 
The effect of varying the position bind i 
terpolation within the retention inter 
shown in Fig. 2. In order to test UR 1 
separate analyses of variance were apt 
out for one and for two interpolated yf whe 
ments. There was a significant effect € 


ments, 


F (2,54) = 5.51, p < e 
movement, F (2, 54) = 1.32. Now 
tions reached significance in either s 
analyses. 

Since Bilodeau (1966) has suss 
the variance of errors will incre ted 


;octe 
2 + ces 1990€ g 
result of forgetting, the variances put E. 
s, = ul SN 
with the treatment conditions js n0 


amined and are given in Table 1- 
appropriate to carry out a SCU cnra 
wise / tests on these results, but a Ni 
C test for homogeneity. of variante qno 


> for UM 
1962, p. 94) was carried out. F'97 a mu 


1 fof 


ay i^ 
of these are significant. at P — a ya 
cating significantly nonhomose 
ances. An examination of the 
variances indicates that, with Ur 
of Cond. 2 and 3, which are almos 
there is an increase in the 
recall as the interpolated 
toward the end of the reten w 
No immediate explanation is 
apparent, but one possibility. 
closer the interpolated mate 
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indi PEU 
in ni jti. 


e we? 


variat 

materi yal 
inte 

ntion ! 
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EL he paca the likelihood of response 
retained n etren the interpolated and 
should pean f li this is so, there 
similarity eis relationship between. the 
Bovaine ae the interpolated and retained 
Kana s and recall performance. Al- 
Rivne ee might be some relation 
ering ite, ig angles recalled and the inter- 
inding at b hich would be analogous to 
Bs rusions in the verbal situation. 
hese 
for irj 


amined | m : 
a Ue esa calculating the regre 
Presented e difference between the angle 
Angles. e each of the two interpolated 
“cuted Was G : cases the angle actually ex- 
Coefficient. usod. l he multiple re 
le $ed RU ), which is not significant. 
“culating possibility was examined by 
alleq on x the regression of the angle re- 
tesy le two interpolated angles. The 
not significant, the coefficient 
Finally, the regression of abso- 
: anela the sizes of the two interpo- 
amining S Was calculated, with the aim of 
Plated ed m hypothesis that larger inter- 
n tout DUM might produce larger errors, 
aetession st ^» the sign of the error. The 
not P Uh a coefficient of .07, was 
Significant. 
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‘Trop 
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1e reg 
MIN iul Exp. I suggest that the size 
bin tion i, polated angles does not affect 
ty ig the this situation. Another possi- 
hne ment ir nature of the interpolated 
Sn that self has some ellect. hi is 
LN Bener. an active movement of the 
i E type as that being retained 
increase in forgetting, while 
‘Xtreme, neither the writing 
l activity involved in an in- 
f sr-and«pencil task has any 
Set al., 1969). The present 
4 ig la ing Med this dimension by 
LI Con Movements which involved 
"or Ponents of the retained move- 
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Fic. 2. Absolute error for one and two inter- 
polated movements as a function of the position of 
the movements within the retention interval. 


The first is the preparation or planning of a 
movement. Welford (1968, p. 140) sug- 
gests that brief movements such as the 
present discrete motor movement are 
“ballistic.” in that they are initiated and 
carried out as as e unit, with S monitor- 
ing feedback only from the beginning and 
end of the movement. 

This preparation component was manip- 
ulated by interpolating some items in which 
S was given the angle and direction to move 
through, but then told. DONY MOVE in- 
stead of Move. This will be referred. to 
as a Movement Preparation item. In the 
previous experiment, the angle and direc- 
tion were displayed for 1 sec. prior to the 
Move signal. The same applied in this 
case, and it was again stressed that S 
should move as quickly as possible if MOVE 
It is therefore assumed that 


appeared. 


when DON'I 
l-sec. period to prepare the move- 


wove appeared, S used the 


prior 
ment, even though it was not actually 
executed. 

The second component was the actual 


initiation of the movement, including what- 
ever feedback might result from such initia- 
The item which involved this com- 


tion. ve 
the Movement Initiation em, also 


ponent, 
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involved the first component mentioned 
above. In other words, S was asked to pre- 
pare and initiate the movement, but once 
he moved 2? from the starting point the 
apparatus took over and finished moving 
his arm through the displayed angle. 

In performing both of these interpolated 
items, S was to be exposed for at least 1 sec. 
to a display which indicated in degrees the 
extent of the movement. If both of these 
two items are just as detrimental to recall as 
the complete movement used in the previous 
experiment, the display of this number may 
be responsible. The S may transform the 
number into his own measure of the extent 
of the movement, and this in itself may be 
sufficient to affect the retention of the 
original item. The possibility that such an 
effect may be important was checked by in- 
cluding an item identical to the second, 
except for the absence of the number indi- 
cating the movement extent. "This will be 
referred to as a Movement Initiation with- 
out Display item. For this item, S was 
required to initiate the movement, but he 
had no idea how far the machine would 
move his arm once it took over. 

The final component which was ex- 
amined involved all those aspects of the 
movement that are not involved in the 
initiation and execution by S. This com- 
ponent will be termed the feedback com- 

ponent, but it would be best to define it 
operationally, in terms of the Passive 
Movement item which was used to measure 
i. The S saw the angle and direction dis- 
play, but at the end of the 1-sec. period the 
Word RELAX appeared on the screen, and 
the apparatus moved S's arm through the 
displayed angle. The S was therefore sul- 
A Hor tei thg feedback involved in 
plete movement, 
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ieri : Details of the design which are not men- 
ps Were the same as in Exp. I. Each 5 received 
Retleating en f Conditions X 6 Angles X 2 
‘nya in Wiik i» 7 conditions diflered only in the 
herd a ph retention intervals were filled. 
Movement. Pre x ht Cond. 1 there were four 
Movement Initi inae eos TO Cond. 2, four 
Ment Initiation ihe "p^ ig Cand 3, four Move- 
+ lour Passive iile ap Wena and in Cond. 
ems. In Cond. 5 there 


were four Active Movement items, exact 


Cond. 8 of 


which the retention interval was unfilled ex 
in Cond. 1 of Exp. I. Finally, Cond. 7 wa 
condition in which Active Movement an 
Preparation items we 
Without Cond. 7, ` 
Movement Preparation item alw: 
three more were to come, and he w 
pared the subsequent movements. 

Procedure.—Changes in the proced 
I were relevant to the new items used. 
during any of the conditions involving pas 
ment, so that the clutch slipped and the leve 
reach the finishing point by the time the 3s 
up, the error signal YOU MUST RELAX Wi 
A Movement Initiation item was signa 
appearance of a diamond around the 
cating the size of the angle, while for 
Initiation without Display item, the 


Xp. 


1. Cond. 6 was a rest conc 


re mixed in equal x 
would have known that one 
ays indicated tha 
ould not have pre- 


num 


peared, but there was no number inside it 


Three practice periods were given, introt 


gradually to the various conditions. 
Subjects —There were 32 right-handed 


drawn from the same source 
again naive to motor-retention expe 
they were given the same base pay ane 


before. 


Results and Discussion 


were miss 


s for Exp. ! 


These were estimated, as in EXP: 


placing cach with the correspond 
from the other replication, and 
of freedom were reduced where apl 


errors, two of the main effects 


nificant: angles, F (5, 155) = 
001, and treatment conditions, 
= 2.34, 05, The treatmer 

p< e test. g 
the 
į interact! 


e 


ect was subjected to an / 
contrasts were planned on 
There were two significan 
X Angles, F (1 
and ‘Treatment X Angles. 

= 2.78, p « .001, for which 


, 829) = 2.00, 


lions are as previously given. 


e ; A pratt =, 
An examination of the algel that 
both the experiments indica 


tec 


3 n can 
same main effects were signi 


terror 
absolute-error and algebraic-€" 


Phere were many significan 


in the algebraic-error ¿ 
Interpretation of the mall 


The angle effects, howeve? 


consistent 


in 


both 


; agni 
experimne nt 


a con 
d Movement 
1 numbers. 


ber indi- 
a Movement 
diamon 


ly as in 
lition in 
actly as 
trol 
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If S resiste 

ive move- 
r did not 
ec. were 
Jisplayed- 
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]ucin£ 5 
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INTERFERENCE IN THE RETENTION OF DISCRETE MOVEM 


Case p < .001), and are shown in Table 2. 
n each case there is undershooting for the 
three largest angles and overshooting for 
the three smallest. 

lable 3 shows the treatment condition 
Means for the absolute error. Since the 
treatment condition means were not on any 
'ype of scale, and there were no specific 
Prior hypotheses about their order, pos- 
terior comparisons were carried out using 
Todd new multiple-range test (Duncan, 
E the results of which can be sum- 
* zed Schematically as follows: 4162375. 
cgcatment means not underlined 
nife. on line differ significantly, the 

ance level being 5% or better. 
t is clear that Cond. 5 (Active Move- 
lie Procese recall which is ignificantly 
The 2E almost all the other conditions. 
a erence between the means for Cond. 
and cement Initiation without Display) 
CRM ak or 5 was .737°, while the difference 
ured for 
as ,7450 


by a 
sig- 


Mer 


significance at the 5% level 
This suggests that Cond. 2 and 
Movement Initiation condi- 
' While not significantly different from 
PIR have together a significantly 
eni effect than Cond. 5 (Active Move- 
). Removing from the display of 
ich 2 (Movement Initiation) the number 
clea 7 tells S how far he will be moving 
larp, has no effect on the results. Simi- 
Meng Simply asking S to prepare a move- 
Sleni Without actually making one has no 
In cantly detrimental effect on recall. 
rati Co both Cond. 1 (Movement Prep- 
d and Cond, 4 (Passive Movement) 
of Gone Mean errors slightly below that 
TI nd, 6 (Rest). 


m 


ag e inte, f k 
Bs Sho, *rpolation of passive movements, 
n by the results of Cond. 4, ob- 
ls: TABLE 2 


RRORS FOR THE TARGET 
ERIMENTS | AND II 
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TABLE 3 


Treatment condition 


error error 
1, Movement prepara- 
tion 5.68 
2. Movement ini 5.86 | 
3. Movement ini | 
without display 5.91 
+. Passive movement | 5.60 
5. Active movement 6.65 | 
6. Rest 5.76 | 
7. Control 6.17 
Note, Mgehraic errors are measured in degrees. 


viously has no detrimental effect on recall. 
The kinesthesis generated by these passive 
movements would be very similar to the 
kinesthetic feedback produced when S 
makes an active movement. The fact that 
no significant interference was produced by 
the passive movement therefore suggests 
that under normal circumstances S does 
not remember the angle he moves through 
in terms of any transformation of the feed- 
back it generates. This is in keeping with 
physiological evidence indicating that a 
response can be learned without kines- 
thetic feedback, and that a consistent re- 
sponse can be executed without such feed- 
back (Lashley, 1917; Laszlo, 1967; Taub, 
Bacon, & Berman, 1965). 

The variances for the algebraic errors 
shown in Table 3 were examined with 
Cochran's test, giving C = .19, p < .01. 
The variances are in the same order as the 
mean absolute errors, except for Cond. 6 
(Rest), which has the smallest variance. 

It seems that the important variable 
affecting retention is the amount of active 
movement made by S during the retention 
interval, since only interpolated items in- 
volving complete active movements have a 
significantly detrimental effect on recall. 
Further support for this conclusion is given 
by the fact that Cond. 2 and 3 (Movement 
Preparation) and Cond. 7 (Control) appear 
to produce forgetting which is intermediate 
between that produced by Cond. 6 (Rest) 
and Cond. 5 (Active Movement). In both 
of these conditions there is active move- 
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ment, but in each case it is less than in 
oett and Herman (1970) have ex- 
amined the question of what happens to the 
trace of a motor act as it is forgotten, direct- 
ing their attention to the effects on alge- 
braic errors. In a number of studies on the 
retention of a movement extent (Adams & 
Dijkstra, 1966; Posner, 1967; Stelmach, 
1969), Pepper and Herman find a negative 
time error, i.e., an undershooting, which 
increases with time, a finding which they 
account for in terms of a fading trace the- 
ory. A second finding with respect to the 
algebraic effect is that any interpolated 
material tends to result in a more positive 
error. The results of the present experi- 
ments support this finding. In Exp. l, a 
slight undershooting of about 1° is reduced 
to zero with interpolated material (.05 < 
b < .01, see Table 1). In Exp. I], a mean 
algebraic error of about —2.5° is raised to 
between —1? and .5° by the interpolation 
of any material (p < .05, see Table 3). 
Although the large between-S differences 
and the many interactions make it quite 
clear that these are only average effects, 
they appear to be quite consistent. Pepper 
and Herman offer an explanation in terms 
of the distracting effects of the interpolated 
material. 
An explanation must also be 
ever, for the increase in 
which is found in this and other studies. 
The fact that the increase in absolute error 
is accompanied by a variance increase sug- 
gests that § is trying to match a trace 
Which is not only "shrinking" (a less am- 
biguous term than "fading"), but also 
getting dimmer in some Sense, so that it is 
reproduced less accurately. This Sugges- 
tion is strongly supported by the effect of 
angles on the algebraic error, as shown in 
Table 2, The finding that the smaller 
amplitudes in a series are overestimated 
and the larger ones underestimated is not 
new; is was explored at length by Holling- 
worth (1909). [t is likely that this repre- 


given, how- 
absolute error 
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sents a tendency for Ss to err — pe 
mean whenever they are in doubt T -L 
size of the angle presented, an s A 
which avoids reference to a andes 
tended image. This effect. is gw 
much stronger than any absolute E: ‘he 
age." If it were not, we would i m each 
negative time error to be Lane ik for 
angle taken separately, and not J 

the mean of all angles. 
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RATINGS OF SIGNALED SHOCK AVERSIVENESS ! 
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The hypothesis that anticipatory conditioned responses (CRs) can modify the 
aversiveness of an electric shock UCS was tested by having Ss rate the aversive- 
ness of signaled and unsignaled shock. Ratings of shock intensity were a U- 
shaped function of interstimulus interval (ISI) similar to the inverted U-shaped 
function for CRs in classical conditioning. Requiring Ss to estimate the dur 


tion of the ISL yielded ratings of signaled shock below un 


Presumably because of more accurate | 
attenuate the aversiveness of the shock. 
signaled and unsignaled shock de 
cal conditioning. Ratings of s 
were similar to ratings at short ISIs when 
trial Thus, ratings of shock avers 
levels of CRs in classical conditioning 
estimation. 


B asco: HM . 
(eg iiny to a law-of-effect hypothesis 
Seen, erkins, 1968; Prokasy, 1965), the 
 “Utrence of w ‘toned fes ses (CRs 

Class; conditioned responses (CRs) 
ie Beg conditioning is dependent upon 
Ying i rumental effects of the CR in modi- 
ondigi 1e sensory consequences of the un- 
Dr Ned stimulus (UCS). A difficult 


Oble 
n allg Y "NS 
tha Bc Or this interpretation is the fact 
riet or lent conditioning of a wide va- 
Use responses can be obtained with the 


Corme, "lectrie shock as the UCS (e.g., 
nism ano & Fernald, 1971). No mech- 
Nate i hereby: anticipatory CRs can atten- 
by Doxiouspness of an electric shock 
his Testa 


he Nat 
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veness can be 


gnaled at all ISIs, 
tory CRs which 
rential ratings of 


dlacement of antic 
Ata short ISL, dili 


sloped gradually over trials, as do CRs in 


the ISI was gradually incre 
shaped" just 


and high levels of accurac 


in time 


UCS is readily apparent. Nevertheless, the 
hypothesis that CRs have instrumental 
consequences in modifying the effects of an 
electric shock UCS yields a number of pre- 
dictions of interest to the present research. 
First, signaled shock should be preferred to, 
and rated subjectively less intense 
than, unsignaled shock. Second, param- 
eters that determine classical conditioning 
levels should have comparable effects on 
preference for signaled shock and subjective 


as 


ratings of shock intensity. 

A number of studies show that both rats 
(e.g., Perkins, Seymann, Levis, & Spencer, 
1966) and humans (e.g., Badia, Suter, & 
Lewis, 1967) consistently select signaled 
over unsignaled shock in a choice situation. 
In contrast to the pronounced preference 
shown by Ss for signaled shock, correspond- 
ing ratings of low aversiveness for signaled 
shock have not been consistently obtained. 
gnaled shock has been reported to he less 
aversive than unsignaled shock (e.g., Kim- 
mel, 1967; Pervin, 1963), but more often 
signaled shock has been found to be more 
aversive than unsignaled (e.g., Furedy & 
Doob, 1971a, 1971b; Kimmel, 1967). The 
present research investigated the possi- 
bility that failures to obtain ratings of 
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Fic. 1. Mean ratings of the intensity of signaled 
and unsignaled shock as a function of ISI for 
signaled shock (Exp. I). 


signaled shock as less aversive than un- 
signaled were due to failures to use param- 
eters favorable to classical conditioning, 
The interstimulus interval (ISI) be- 
tween conditioned stimulus (CS) and UCS 
is an important determinant of classical 
conditioning levels. Prokasy (1965) has 
suggested that the inverted U-shaped rela- 
tionship between CR levels and ISI is a 
product of differential opportunity for 
CR-UCS overlap. According to this an- 
alysis, the poorer conditioning that results 
at postoptimal ISIs arises from the inability 
of Ss to accurately estimate longer time in- 
tervals and consequently time the CR to 
occur close to the UCS so that the rein- 
forcing properties of CR-UCS overlap are 
maximized. This reasoning predicts that 
preference for signaled shock should be an 
inverted U-shaped function of ISI and in- 
tensity ratings should be a U-sh 


$ aped func- 
tion of ISI. 


The most informative data on 
this question are those provided by Kimmel 
(1967). She found that Ss judged shock 
at .3-sec. ISI as considerably 
than did Ss receiving a 5-sec, 
paired conditioned stimuli (C 
Furthermore, the 3-sec. 
unsignaled shock on te 
cantly less intense than 
naled shocks, wherea: 


less intense 
ISI or un- 
s) and UCSs, 
ISI groups judged 
st trials as signifi- 
the preceding sig- 
i s the .5-sec. ISI group 
Judged the unsignaled shock test trials E 
more intense than signaled shock. Thus 
immel's data in particular Suggest that 
erie tit determinant of the 
ensity of signaled shock. The 
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i ient a systematic 
present experiments represent i eens, 
investigation of the role of ISI in pesi 
ing judgements of intensity or avers 


of signaled shock. 
EXPERIMENT | 


eT ee nts of 

In Exp. l|, subjective jugo d 

shock were obtained from dilerek eel 
of Ss as a function of ISI. 1f anti 


a 
1 n nnces G 2 
CRs can modify the popen nE M ol 
: à " 1 est Te 
electric shock, then the low z shou 


subjective intensity of signaled ine 
occur at the ISI most fayora e iy d 
development of CRs. For a ‘responses 
classically conditioned skeletal Ta pprot 
the optimal ISI appears to be D i969): 
mately .5 sec. (Gormezano & Moore, 
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40 mi 
ourse 


n chology C9 
undergraduates recruited from psycholos Universi? 


504A Lafayette timer, a Model p source: 
stop clock, and a constant-current la con em) 
The S sat in a student chair and p stile pu 
disc electrode (Tursky, Watson, & O st J" 
mounted on the dorsal surface of the Re S 
proximal to the radial epum de 
à distance of about 1 m., a flat-bla gee an) Lie aie 
74 X 80 cm., with an unshielded Generi app?" 
NE 47 neon bulb centered in the pa! 
mately at eye level, : 
Procedure.— wo female and eight 
randomly igned to e 
groups differed in the ISI used uc S 
trial 5, 10, 2.0, or 4.0 see BAC Op Ss gd 
three preparatory shocks at igiena ire 
and 1.5 ma. (by instructions to be nd sys o 
9 on an arbitrary intensity ^ more shoc™ an 
provide anchor points, and then 4 tained 
1.0 ma. Each block of six trials con e une 
signaled and five signaled shocks. are 
shock was randomly assigned to one _ wh 
or 6 of each block. «vw the stoP elo d o n 
The ISI was adjusted using admit a 
was then disconnected. a 


The S was s 
experimental room, the electrode W s he. 
instructions were read which expla 
rating scale. The Ss were nS S 
shock by saying a number from during as 
the shock and to watch the light e of an pe 
ment, although no mention was Ht i p? 
tion between the light and shock. pehind the Jic 
The E and the apparatus were vy ith set ^ i 
Signaled trials were initi: bs a solt Orve ih 
switch on the timer, which made # re de 
audible to S, Unsignaled shoc i 
means of a silent mercury SW 
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i als wer 5 

20 vals were randomly selected from 10, 15, and 
S d Fhe shock duration was .5 sec. and the offset 
* the neon bulb was coincident with shock onset on 
signaled trials. 


Results 


Figure 1 displays mean ratings of sig- 
naled and unsignaled shock as a function of 
Ratings of signaled shock were a 
meee function of ISI, but the lowest 
ak us occurred at the 1.0-sec. rather than 
naled a interval. Ratings of unsig- 
etes ard not appear to vary syste- 
je axe Tbe s ISI, but were consistently 
at the a ratings of signaled shock except 
of sein interval. Anal s of variance 
i be ratings of signaled shock and 
ating of the unsignaled shock for each 
aled that signaled 
as rated as significantly more aver- 
4 an unsignaled shock, / (1, 45) 
action n? < .05. Neither ISI nor the inter- 
signaleq Md ISI and signaled versus un- 
Cause otek was significant. However, 
o the e the considerably higher variance 
analysis S enale shock ratings, à separate 
"tings of variance which included mean 
Ucted M signaled shock was con- 
of Igy F us revealed a significant effect 
“Ompariso (4, 45) = 2.66, p < .05. l'rend 
Mponent showed that only the quadra tic 
TE 5.25 was significant, 7 (1, 45) 
ag P « .05. 
the Uy ss of signaled shock intensity were 
the “Shaped function of ISI expected from 
Sinai, Pothesis that intensity ratings of 
Pocos Shock are determined by the same 
ditionis as are CR levels in classical con- 
Rac Mul l'hese data also agree with those 
tings nel (1967) on the effects of ISI on 
Signaled and unsignaled shock. 
5, 8d as eae that signaled shock was 
Tee. ISI ie Intense than unsignaled ata 
à ‘nd more intense at a 5-sec. ISI. 
Tesults were obtained in Exp. I 

uL NN $^ ond 4 se, — s 
E DA 5 Outcome of this experiment 
Ugg Classic.’ favorable to the hypothesis 
ion depends conditioning with a shock 
the RM instrumental modifica- 
eq diak ao of the UCS by CRs. 
Signaleg was rated as less_intense 
only at the .5-sec. ISI, and 
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even there the effect was not very large. 
The clearest effect, that signaled shock was 
rated as more intense than unsignaled shock, 
is directly opposed to the instrumental con- 
sequences hypothesis. This conclusion, 
however, fails to take into account any 
possible role of preparatory CRs. One 
possibility is that signaled shock is felt as 
more intense than unsignaled in the ab- 
sence of any preparatory CRs (for as-yet- 
undiscovered reasons) and less intense when 
preparatory CRs occur. Consequently, the 
general design of Exp. I was repeated for 
Exp. II. A number of procedural im- 
provements were made in order to make 
sure that the difference in ratings of sig- 
naled and unsignaled shock was not idio- 
syncratic to the procedures of Exp. I. The 
most important change, however, was the 
addition of a time-estimation task in which 
Ss were instructed to press a key just before 
theshock. The key press provided one indi- 
cation of trials on which S made an antic- 
ipatory response. 


EXPERIMENT ll 
Method 

Subjects.—The Ss were 25 female and 25 male 
introductory psychology students from Queen's 
University, participating in the experiment as part 
of the course requirement. 

Apparatus.— The S sat at a table facing a flat 
white panel at a distance of approximately .5 m. 
The top of a General Electric NE 40 bulb was ex- 
posed through a hole in the center of the panel at 
about eye level. The disc electrode was mounted 
on S's left arm. A telegraph key was on the table 
in a position convenient to S's right hand. Two 
Hunter timers, a Hunter Klockounter and the 
constant-current shock source were located in an 
adjacent room, connected by intercom to the S 
room. 

Procedure —Vive male and five female Ss were 
randomly assigned to each of five ISI groups: 
A 2, and 4sec. The S was admitted to the 
ntal room, the electrode was attached, and 
S was given instructions to read. The instructions 
informed S that illumination of the light bulb would 
be followed by shock and required 5 to attempt to 
ess the key just before each shock. The S was 
also given preliminary instructions on the use of a 
7-point scale of unpleasantness and was told that 
the key press did not affect the shock. . 

From the control room E administered two series 
of unsignaled 100-msec. shocks of 2.5, 1.5, and .7 
ma. The S was told that the 2.5-ma. shock was the 
most unpleasant that would be delivered and should 
be rated 7 on the scale. Similarly, S was in- 
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"16. 2. Mean ratings of the unpleasantness of 
signaled and unsignaled shock as a function of ISI 
for signaled shock (Exp. II). 


structed to rate the 1.5- and .7-ma. shocks as 4 and 
1, respectively, with the .7-ma. shock represented 
as the least unpleasant that would be delivered. 
The S then received three presentations of the three 
shock intensities in a random order and E provided 
immediate feedback on the correctness of S's ratings. 
Each S then received 25 signaled and 25 unsignaled 
100-msec. shocks of 1.5 ma., ordered according to a 
Gellerman series. Illumination of the neon bulb on 
signaled trials was followed at the appropriate IS] 
by shock onset. Light and shock offsets were 
simultaneous. Intertrial intervals were randomly 
selected from 10, 15, and 20 sec, Latency of key 
presses on signaled trials was measured by the 
klockounter, 


Results 


Figure 2 presents mean ratings for sig- 
naled and unsignaled shock for each ISI. 
Examination of Figure 2 reveals that un- 
signaled shocks were consistently rated as 
more unpleasant than 


signaled shocks. 
Furthermore, there 


was little indication of 
a Systematic effect of interstimulus interval 
ontheratings. Analysis of variance yielded 
signaled versus unsignaled shock as the 
only significant. main effect, F (1, 40) 
= 55.27, p < .01. The interaction of sex 
with signaled versus unsignaled shock was 
also significant, / (1, 40) = 5.14, p < .05, 
Examination of the data showed that this 
was because the signaled unsignaled differ- 
ences in ratings were considerably greater 

for females than for males, | 
lable 1 shows the percentage of key 
Presses that occurred in the .4-sec, interval 
E prior to the onset of the shock. Ac- 
che pid estimation was an inverted 
Incton of ISI, with the most 
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-—. 
accurate estimation at the .5-sec. er a 
conclusion was supported by an analy ffect 
variance, which yielded a pgs was 
of ISI, F (4, 40) = 6.60, p < qr 
composed mainly of a significant aT AR 
F (1, 40) = 18.77, p « 001. and a, 9E 
nificant cubic trend, 7 O, eal} s TED i 
p «.01. These results essentia Suboski 
cate those of Teller, Dieter, and than à 
(1972), who used two lights piece e or 
light and a shock, but the same crite 
"correct" responses. N 
Table 1 also contains difference set 
the mean ratings on signaled trials. , the 
scores were obtained Dy alspa E key 
mean rating for trials on which ke shock 
press occurred prior to the end of 1 pde 
(anticipatory) from the mean Tel „d altel 
trials on which the key press occurre infor 
shock offset (nonanticipatory)- P i 
tunately, statistical analysis of gis are fc 
is not possible because Min iea x 
trials pooled across within gro E 
definition of anticipatory and n in th 
patory responses yields ri sponse? some 5s 
categories for all Ss in all groups resi ons? 
a nun de 


s for 


scores" 
The 


in the .25-see, group made no 
prior to the end of the shock and s m 

of Ss in the 2.0- and 4.0-sec. gro ack H 
no responses after the end ol odd Dy i: 
addition, analysis is complica te ooi 
fact that the total number of om ifere 
and. nonanticipatory respons n a wae 
widely across ISI groups. Abot irere"! 

can be done is to note that the i 


y e 

: sa large id 

shown in Table 1 are qon ative 
í 


M NT 
absolute sense, for example, 
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\ecuracy or KEY PRESSES ANI pue E 
AwTICIPATORY Dit ERRA Kn P 
Avensivenrss RAV 


ün 
aval 
Interstimulus inte! [| ad 
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Measue " no 


Ci correct key 
presse 
Mean rating 
difference 


wa 
EX 


1.6 18.0 


629 908 


- ereen 
—The first row shows the | oi U 
c, of tlie e d 

yee! e 
row shows the difference jetwven d mE 
which a key press preceded: shoe 
trials. 


ae 
" 
a o|iooaecG um 

— € AK 


ISI 
The pod unsignaled differences of Fig. 2. 
uet] e appears to be :enerally of 
rate a bey with anticipatory key 
Be S e rated as considerably less aver- 
E à nonantieipatory trials by the 
508 tt 1.U-sec. groups. Anticipatory 
antic; ei rated as more aversive than non- 
should 1 em by the 4.0-see. group, but it 
gory pipe that the anticipatory cate- 
short late w 4.0-sec. group contained many 
apy tency responses. 
i mills of Exp. I and H were almost 
ever, be opposite to each other. How- 
Procedure ty of the numerous variations in 
le Ghee the two experiments, 
Bible 1. in outcomes cannot be 
he tise e ^ any one factor. Nevertheless, 
evil, l 1e time-estimation task in Exp. 
Variable ne likely to be the effective 
Mate the ed possibly Ss who must esti- 
Nore acer h place preparatory responses 
time esti irately than do Ss who do not 
Signaled kea Fhus, lower ratings for 
be Po nan for unsignaled shock would 
"tings pe and the effect of ISI on the 
late or signaled shock would be atten- 
das. C eliminated. Experiment IH was 
fine uo, ene the joint effect of 
Signaler acter sk and ISI on ratings 
and unsignaled shock. 


Methog Experiment I 


Phe 5 population, apparatus, and 
con were those of Exp. IL. Because 
when t outcome, the experiment. wats ter- 
mly assie Wo female and two male Ss had been 
ng ictor, ed to each ol the four cells created 
task" ] Y combining Sesec. and 4.0-sec. ISIs 
With Che intr Us exclusion of the time-estimation 
fop S ! menti ructions were those of Exp. I, but 
the > not M de of the time-estimation task omitted 

Procedur, Ərming the task. Ml other aspects of 
Were as described in Exp. I. 


fy Proce 
Min, € cle, 


aUsion y 


esp lt 


‘inn mean ratings of sig- 
im... the uienaled shock as a function of 

ation p me-estimation and no-time- 
“esti mer Fhe Ss performing the 
q“ erable task rated signaled shock 
Shock, Aly less aversive than unsig- 
SE Se at both ISIs. The performance 

Was Virtually identical to the 
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Fic. 3. Mean ratings of signaled and unsignaled 


shock as a function of ISI for the groups performing 
and not performing the time-estimation task. 


performance of the comparable Ss from 
Exp. 11. The Ss not time estimating rated 
signaled shock as less aversive than un- 
signaled at the .5-sec. ISI and more aver- 
sive at the 4.0-sec. ISI. These results 
closely. resemble those of the comparable 
groups of Exp. 1. Therefore, the differ- 
ence in results between Exp. I and 11 was 
very clearly due to the time-estimation 
task. Analysis of variance of these data 
revealed a significant difference between 
ratings of signaled and unsignaled shock, 
F (1,12) = 5.43, p < .05, and a significant 
Signaled versus Unsignaled Shock X Time 
Estimation versus No Time Estimation 
interaction, F (1, 12) = 7.72, p < .05. 

In addition to testing the effect of the 
time-estimation task on shock judgements, 
the design of this experiment permitted an 
examination of another variable relevant to 
the instrumental consequences interpreta- 
tion. Classical CRs develop over a number 
of conditioning trials. If CRs occur to a 
shock UCS because of their instrumental 
effects in attenuating the noxiousness of 
the shock, then ratings of signaled shock as 
less aversive than unsignaled should also 
develop across trials. However, ratings of 
shock appear to be most meaningful in 
terms of relative ratings of signaled and 
unsignaled shock rather than in absolute 
terms. Consequently, the inclusion of 
equal numbers of signaled and unsignaled 
trials in the present experiment permitted 
examination of the difference in ratings of 
signaled and unsignaled shock across trials. 
Figure 4 displays mean ratings of signaled 


412 
x x SIGNALED P 
eo O—— 0 UNSIGNALED i 
a 
55 Pd 
T o 


y" 


C 
\ 

"d 

\ 


Oo | l 
L 


BLOCKS OF THREE TRIALS 


Fic. 4. Mean ratings of signaled and unsignaled 
shock by the .3-sec., no-time-estimation group as a 
function of successive blocks of three trials. 


and unsignaled shock across blocks of trials 
for the .5-sec., no-time-estimation group. 
Of the four groups, this is the one most 
likely to show an acquisition function. 
Examination of Fig. 4 shows that the differ- 
ence between mean ratings of unsignaled 
and signaled shock changed across trials 
from a small negative value to large posi- 
tive values. Analysis of variance of the un- 
signaled-signaled difference scores yielded 
a significant effect of trial blocks, /^ (5, 15) 
= 13.69, p < 01. 


EXPERIMENT IV 


The effect of the time-estimation task on 
the ratings of signaled and unsignaled shock 
is consistent with the hypothesis that time 
estimation favors the accurate pl 
of preparatory CRs that atte 
noxiousness of the shock. 
formance of the time-estimation task could 
also have effects for a number of reasons, 
including diverting S's attention away from 
the shock, or merely because of the response 
requirement of pressing the key, Devising 
appropriate control conditions for all of the 
Possibilities would be difficult, if not im- 
possible. Consequently, in Exp. 4 a com- 
pletely different approach was adopted. 

Prokasy, Ebel, and Thompson (1963) 
gradually shifted the ISI in eyelid condi- 


tioning from a value (.6 sec.) which yields 


acement 
nuate the 
However, per- 


me levels of conditioning to a 
Stinctly nonoptimal val 5 
di a alue (2.5 
They found th ; sies 


at the percentage of CRs by 


this i i 
group remained equivalent to the 


high 
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level of a group conditioned at the ap 
ISI throughout. These results picis of 
terpreted (e.g., Prokasy, 1965) in itt in 
"shaping" appropriate time nen) (1912) 
the shifted ISI group. Teller et al. ing SS 
obtained very similar results by ned 
estimate the time interval hetwest ress. 
onsets of two lights by means of a key x all 
The ability of Ss to estimate time acc UT by 
ata relatively long ISI was a esti: 
beginning at an ISI favorable to "T IS 
mation and gradually increasing up. 

The "shaping" results for cien iuis 
estimation (Teller et al i 
powerful test of the instrumenta 
quences hypothesis. Experiments 
III showed that Ss rate signaled $ A 
less aversive than unsignaled at shori, the 
and more aversive at long ISIs. Jassical 
same processes that determine aol 
conditioning levels and the oe tings 
time estimation also determine t 


hock 2$ 


Isls 


he ra 


"shaping" of ratings of signaled A 
should be possible. By beginning 9. in the 
ISI and making gradual incitas o be 
ISI, signaled shock should contn' ale at 
rated as less aversive than unsig?: 

long ISIs. 


Method 


Procedure. The S population, by 4 
general procedure were as described Nar 
II Seven female and four male wee re 
assigned to each of three groups. led tri? 
ceived a constant ISI on all signi het’ : 
for one group and 2.5 sec. for the pa th 
group received a gradual increase i rol 
blocks of trials, from an initia] var ed 
final value of 2.5 sec, All Ss ted trials cy 

ronth 
by 2 unsignaled trials and. a Seven 
signaled and 7 unsignaled trials. ‘ere 
signaled and unsignaled trials We 
Gellerman series. 

The ISI shifts were 
blocks. The shifted grou 
1.0, 1.25, 1.6, 2.0, and 2.5 bo vi 
through 7, respectively, These 
to those used by Prokasy et at t 
et al, (1972), although the presen ias 
(61) was considerably fewer 100" nO" ne 
earlier reports (180), The meee and, 5 cot 
perform the time-estimation c n whic 
tions used were those from E p 
no mention of time estimation 


"I 
wet 
made betig 


p received, P 
for 


T 
Jue 


ISI AND TIME ESTIMATION IN 


5,5 
X——* SIGNALED 
O— 0O UNSIGNALED 
5.0 
o 
= 
it 
a 
45 
z 
s X 
I" 
x 
4.0 


IST 6 TRIAL BLOCKS 


SHIFTED 


INTERSTIMULUS 


MiG. 5. Mean ratings of signaled and 


RATINGS OF SIGNALED SHOCK 413 
X——* SIGNALED 
©—o UNSIGNALED 


SHIFTED 


25 


25 


INTERVAL GROUPS 
unsignaled shock for each ISI group 


averaged across the first six trial blocks and for the seventh trial block. 


Resy liş 
A 


n analve; A 
Me; analysis of variance conducted on the 


ratings of signaled and unsignaled 
Signifo, the first six trial blocks yielded no 
The on] nt effects involving trial blocks. 
the ing Y Significant source of variance was 
Versus "raction of ISI groups with signaled 
be k unsignaled shock, / (2, 30) = 5.85, 
Both m interaction is shown in Fig. 
naled roak Seg. and shifted groups rated 

* si maled p as slightly less aversive than 
"Bha ed sh, Whereas the 2.5-sec. group rated 
Sive e tock as considerably more aver- 
versua Bnaled. The effect of sig- 
een S unsignaled shock did not differ 
1€ .6-see. and shifted groups, 
"bas rather was due to the differ- 
ined . n the .6-sec. and shifted groups 
lg "d the 2.5-sec. group, F (1, 30) 
Figure 5 also shows the 


a 


tials f 


(22 P € Of, 
“Faction for the seventh trial block, 
7,89, p < .01, which again was 
St of significant effect. Again, the 
i0 ane versus unsignaled shock 
€ ang SMficantly differ between the 
sifted groups, F (1, 30) = 3.11, 
tón and shifted groups combined 
b P. the 2.5.sec. group, F (1, 30) 
i s A post hoc test indi- 
oe shifted group differed from 
vis: F (1, 30) = 4.90, 
Ividual proup tests revealed 


üt ic 

[o , 

the q tha 
2 


d 


that the differences between ratings of 
signaled and unsignaled shock were sig- 
nificantly different from zero for Groups 
.6-sec., t (10) = 2.82, p < .05, and 2.5-sec., 
t (10) = 3.60, p < .05, but not for the 
shifted group, t = .35. 


GENERAL Discussion 

The outcomes of these experiments are con- 
sistent with the hypothesis that Ss are capable 
of making preparatory responses that atten- 
uate the noxiousness of an electric shock. 
Furthermore, the preparatory responses ap- 
pear to have many of the characteristics of 
CRs acquired by classical conditioning. First, 
the U-shaped function relating intensity 
ratings of signaled shock to ISI corresponds 
to the inverted U-shaped function of percen- 
tage of CRs with ISI in classical conditioning 
of skeletal responses. If classical CRs atten- 
uate the aversiveness of a noxious UCS, then 
the greatest attenuation should occur under 
conditions which yield the highest conditioning 
Experiments I and IV demonstrated 
that this was true for the effects of ISI. 
Second, conditions which favor the accurate 
placement of preparatory responses with re- 
spect to the UCS should yield an increase in 
the aversiveness of unsignaled relative to 
signaled shock. This was found to be the case 
when Ss were required to estimate the duration 
of the IST by key pressing. In addition, at 
short’ ISIs, Ss rated shock as less aversive on 
trials whentthe key press anticipated the shock 


levels. 


414 


than on trials when the shock was not antici- 
pated. Little evidence on the effects of time 
estimation on levels of CRs in classical con- 
ditioning seems to be available. However, 
Coppock (1966) reported improved galvanic 
skin response (GSR) conditioning at a 3-sec. 
ISI if Ss were instructed to count during the 
ISI. Furthermore, Ss instructed to key press 
to the CS show considerably enhanced rates 
and levels of acquisition of the eyelid CR 
(Beck, 1939; Miller & Cole, 1936). : 

Other evidence in favor of the hypothesis 
that preparatory CRs attenuate the noxious- 
ness of a shock is the finding that ratings of 
signaled shock as less aversive than unsignaled 
develop relatively slowly over successive trials. 
This finding is consistent with the relatively 
slow development of classically conditioned 
skeletal responses. The most powerful evi- 
dence favoring the preparatory CR hypothesis 
is the fact that aversiveness ratings can be 
“shaped” in the same manner as can cle il 
CRs (Prokasy et al., 1963). This finding very 
strongly indicates that the same processes 
that determine classical conditioning levels 
also determine the ratings of aversiveness of 
signaled shock relative to unsignaled. The 
accuracy of time estimation can be similarly 
shaped (Teller et al, 1972). This suggests 
that the process underlying response shaping" 
at long ISIs is the ability of S to time pre- 
paratory CRs to occur appropriately with 
respect to the UCS, as Prokasy (1965) has 
argued. 

The results of the present experiments are 
consistent with the majority of the previous 
investigations of signaled and unsignaled shock 
in humans. The effects of varying ISI were 
completely consistent with the indications 
from Kimmel's (1967) results that signaled 
shock is rated as less intense than unsignaled 
at short ISIs and as more intense at long ISIs. 
However, there are some inconsistencies be- 
tween the present results and earlier rey 
The present findings would indicate tt 
relatively long [SIs unsign 
always be rated as less aversive than, and pre- 
ferred over, signaled shock. Such findings 
have sometimes been reported (e.g., Furedy 
& Doob, 1971a, 1971); Kimmel, 1967), but 
a number of investigators have found non- 
ri gy differences (Furedy, 1970; Furedy 
fe Ciian, 1971) and even a significant preference 
“4 npare Shock at ISIs of 4 sec. or greater 
fen: o 1967; Lanzetta & Driscoll, 1966; 

h 3). In addition Pervin reported 
that signaled si hme n ae To eportec 
as less pai 1OCKs at a S-sec. IS] were rated 

58 painful than unsignaled shocks. 


orts. 
hat at 
aled shock should 
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The present experiments hav Hem d 
preted as supporting the oie a^ e Sa si | 
ical CRs are acquired because of chet meer 
mental effects in modifying the Cee Ente 
of the UCS. Neverthele: all of Es Rue 
of the present studies is indirect. 3 "es € 
was made to measure or CxMS E make 
thesized CRs. It is possible that a tis 
preparatory responses which Rua cns 
aversiveness of shocks and that these Lc come 
have no relationship to any of the c "That is 
monly conditioned with a shock U CS. sition: 
some of the CRs acquired in classical ae 
ing may be acquired because of : f 
mental consequences, whereas other ie. 
not require instrumental consequens Pe iiur 
possibility could account for reporte ides 
to find any relationship between : 


magnitu [ 
g e 


: shock 
of autonomic CRs and ratings of shot QT 
tensity (Furedy, 1970; Furedy & Qe were 
1971b), suggesting that the CRs Fre instru 


acquired in the apparent absence of "UCS or 


mental effect of the CR on the shock , former 
they were not, in fact, CRsat all... 1f pur c 
is the case, then the present evidence mp 
of instrumental effects of CRs with 7 
U merely serves as a reminder 
instrumental processes may, and ul 
do, occur in classical conditioning. 
The possibi 


a no 

7 spo were E 

lity that classical € ma and jr 

. A d ; > Furedy * ar 
acquired in the experiments by das tion bc 
associates deserves greater consiCe 7 | uadit? 


icati Vt 
shot 


. severa 
has so far been given. In seve 
(Furedy, 1970; Furedy sth a 
trace conditioning. procedure Vets 5 
CS and a 5-sec. ISI was used eu 
tioning trials. The Ss also rece! aired Sep) 
: c SU and 15 unpal cS 
inforced CSs (CS—) and 13 d 
reinfore 


& Doob. 


interspersed among the aie 
trials. Other experiments used € (F 
eters, except that in one experimet joning ip) 
Doob, 1971a, Exp. ITI) delay cS ob, 19! 

used and another (Furedy & Ds g-see 
used delay conditioning and * M à 
These parameters appear si ed the one 
able to the acquisition of CRs. inet "mU 


oiii as obta i 
dence that conditioning was The DE 


paf g 


ilar I rÒ 


d i 
scant ^, ge 
: i ai agg signe” ory oe 
evidence of conditioning was “intic pato (t^. 
ences in the magnitude of * [p ? 
sponses to CS+ (light or tone meas 
or light). Nevertheless, derer 
5 ccm ré o 
ably reflect sensitization nitude Ab) Gt / 

mag 19 we f 

"og 
p^ 2 
d 


ditioning. Response 

: 4 v Doob 4. 
(Furedy, 1970; Furedy X pent 
the difference in response e greal 
and CS— (Furedy, 1970) W2? P orei 


ons 
acre 
wats and 6€ 
first block of three trials 2! 


est, A 
eC 


\ND TIME ESTIMATION IN 


are dia- 


ISI 

trials thereafter, changes 
ents opposed to those expected as a con- 

quence of the acquisition of CRs. 
Td iuis in the Furedy (1970) and 
inse Joob (1971a, 197 1b) studies were 
1€ responses, the GSR, and volume- 
fione, change, The latter is a measure of pe- 
ben bs Digital aia that so far has not 
which Co recorded. However, the extent to 
E ISR conditioning reflects the operation 


These 


E <a al conditioning proc has been 
Ration re of extended debate and investi- 
invest; «f. Dengerink & Taylor, 1971). 

;."'Bators of GSR 


Ua 
le between short latency respor 
Dresum t 


toning 

Which p 

“onditig 
tm 


Many 
conditioning differe 

s, which 
ably do not reflect the c ul condi- 
process, and longer latency. responses, 
Tesumably are the result of associative 
ning. Furedy and his associates have 
ade such a distinction, but rather have 


Consi 
dered all r . , 

a T DR. atencie: cate 
than ls ll responses with latencies greater 


SCRs. Thus, the failure of Furedy 


magnitudes and ratings of in- 
7 May well be attributable to the failure 
Parameters that yielded anticipatory 
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EXPERIMENTAL MANIPULATION OF ORIENTING REFLE 


DURING SEMANTIC CONDITIONING! 


ANN K. LODWIG? 
University of California, Los Angeles 


An orienting reflex evoked during conditioning is assumed to tnem oe wi a 
tion and augment the magnitude of the subsequent conditioned jen ii ra 
(CRs). This hypothesis was tested by semantically conditioning the ga E É 
skin response (GSR) using two CS-UCS pairs concurrently: C5,-noise, = d 
tone. The tone a signal for a simple reaction time (R r ) measure. Ed 
groups of 64 university students were Ss. Twenty conditioning trials were 
embedded in a list of filler words. The Nonreversal group received the sime 
two CS-UCS pairs for all 20 conditioning tri An orienting retlex (OR) 
was evoked in the Reversal group when the critical stimulus contingencic: were 
reversed, so that for the last 10 conditioning trials the particular CS-L cs 
pair was reversed from what it had been during the first ten trials. All ith 
manifested reliable semantic conditioning and generalization, with High-OR 
Ss giving significantly larger mean CRs than Low-OR Ss. Reversal group 
Ss showed augmented CRs, better differential conditioning, and slower RTs 


following the reversal, supporting the initial hypothesis 
cussed in terms of the role of the OR and arous 


in conditioning, 


Individual differences in the magnitude 
of the orienting reflex (OR) have been 
found to be reliably related to differences 
in the semantic conditioning of autonomic 
responses and to a number of other complex 
behaviors (Brotsky, 1968 ; Maltzman, 1967, 
1968; Maltzman & Mandell, 1968), 


In 
these studies, Ss 


categorized as high 
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d this study were reported at the Western Psycho- 
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ORIENTING REFLEX IN SEMANTIC CONDITIONING 


METHOD 


Subjects. The Ss were 
chology students at the 
OS Angeles, 
two tre. 
and 


128 introductory psy- 
it University of California, 
hese Ss were divided equally into 
.eatment groups, a Reversal group (Group R) 
furtis DEN sal group (Group NR). An equal 
foug. D male and female Ss was run in each 
voluntary pu m the experiment was 
Outre ee „Put this service partially fulfilled a 
i Se requirement. 

a Pie —À two-room experimental suite with 

Y observation mirror was used for running 


this ; 
* experiment I : ; A 
2 n d Sery Y 
Operated the observation room, 7 


tape 

ie me amplified by a Scott stereophonic ampli- 

Calrad M. listened t0 the stimuli through a 

random ercophonic headset. A General i Radio 

White , 20756 generator was used for producing the 
» and a General Radio R-C oscillator 
to produce the 1,000-Hz tone. The Ss 


word, t All stimulus events, ie, 
Omatie:, one, and burst of noise, were recorded 
320 ically on the chart of a Sanborn Model 
‘tm pliticr-recorder. 

Ss wer 


© seated comfortably in an electrically 
ally shielded room on the other side of 
ly mirror, The S's galvanic skin response 
m. in j, Measured by circular zinc electrodes 
Ups Col Crameter embedded in 5-mm.-deep plastic 
"s Paces were IRR with electrode paste 
tiic morer a 176 zinc sulphate solution. 
odes: ia ihe gins were used to attach the elec- 
. 98 palms. Skin resistance was 

Ur. COntinuously during the experiment by a 


Ow 

© type: bi i 

Siren UN bridge supplying a 40-ga. constant 
1 bo te GSR data were fed directly into the 


Mm jos Plifier-recorder, with the paper speed at 
Kl. "Comfort provided with a foot pedal on which 
be kounter. ly rested their right foot. A Hunter 
Ween the Was used to record reaction time (RT) 
OT c s Presentations of the tone and lifting the 
Mate,; € Pedal, 
i _ brocedure.—\n order to evoke an 
ary ditioning for the experimental Ss, it 
nk he introduce some kind. of change in 
pdi R IN: A dual-conditioning procedure 
Ng of Ping Provided a change relevant to the 
the © Procedure itself. Semantic condition- 
S Ling am. to one CS word was established by 
Ou umber of trials with the CS followed 


ha Noise T ^i 
"Se as the UCS, Simultaneous con- 


Hp op 
hed wi Corporation photoplethysmograph 
M the 1 Scotch electrical tape to the fore 
With “gion of the left temporal artery 
on m b. elero headband. Analysis ol 
Ung: P8 revealed a large portion of it to 


reli 
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eg tbe, and iiie ^ 
nap no further reference t 

? report, 
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ditioning of the GSR to a second CS word was 
accomplished by instructing S to lift his foot off a 
pedal as soon as he heard a tone, which followed 
the second CS. In order to evoke an OR during 
conditioning, the signal (tone) for the pedal release 
response was switched to the CS word which had 
preceded the loud noise, while the UCS (noise) was 
paired with the CS which previously preceded the 
tone. 

All of the data for a particular S were collected at 
a single session which lasted 50 min. Initially, all 
Ss were presented with a list of 20 words to habituate 
the GSR to the occurrence of words prior to the 
first conditioning trial. Immediately following the 
habituation list, Ss heard the 20 conditioning trials 
embedded in a list of 57 neutral filler words. The 
tape concluded with 20 additional words of which 
6 were test words for semantic generalization. 
Throughout the session, the interword interval 
varied from 9 to 15 sec. During conditioning and 
generalization, between two and five filler words 
separated the CSs or the generalization test words. 

During the conditioning phase, two CS words 
each occurred in 10 conditioning trials in the follow- 
ing sequer 2 


[9] 
wu 
ono 


CS, A I-sec. 1,000-Hz, tone at 70 db., 
or a 1-sec. burst of 110-db. white noise occurred 5.5 
sec. after the CS word. Within each group, half of 
the Ss had stem as CS;, and CARPET as CSa, and 
these were reversed for the other half of the Ss in 
each group. 

For the 64 Ss in Group NR, CS; was always 
paired with the tone or the burst of white noise, 
and CS; was always paired with the burst of white 
noise or the tone, respectively. For the 64 Ss in 
Group R, the CS-UCS contingencies were reversed 
halfway through the conditioning trials. After five 
trials with CS,-tone and five trials with CSs-noise, 
Ss were switched without warning to CS;-noise and 


[e 


-tone. 
The two generalization test words were FLOWER 


and RUG. The CS and generalization test words 
were chosen from the Minnesota revision of the 
Kent- Rosanolf norms (Russell & Jenkins, 1954) be- 
cause of the high relative frequency of occurrence 
of the CS words and because the most commonly 
given associate to these words occurred with nearly 
me frequency. Of 1,008 Ss in the Russell and 
Jenkins study, 460 gave the word RUG in response 
to cARPET and 402 gave the response FLOWER to 
stem. The filler words were selected from the 
revised. Kent- Rosanoff norms so that none of them 
had either of the C5 tds E generalization test 
Y sd sir response hierarchies. 
j ms pic ssdgnéd without bias to e a e 
treatment groups and to one of the w ord ori p sub 

ated, Æ attached the elec- 


the 


ir . After Ss were seate tach elec- 
eiie nd read the instructions which informed Ss 
Are hear words, tones, and bursts of 


diat they Tu of silence between them. The 
uis en ele se the pedal as soon as they 
a ies otherwise to sit quietly and relax. 
che the earphones on S, left the room, 


noise 
Ss were 
heard the tone, 
The Æ then plac 
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Mean GSRs of the Nonreversal and Re- 
versal Ss to the two CSs and the control words, 
(Data from CS, and CS, and their associ ted 
control words, are combined for each group, so that 
each trial represents the average of the S's per- 
formance on that presentation of CS; and CS,.) 


and started the stimulus tape. There were 20 see. 
of silence on the tape before the first word. The 
experiment then continued as programmed on the 
tape recorder for 35 min. Immediatel 
the generalization list, the electrodes wei 
and Ss were administered a postexpe 
tionnaire to determine whether they ] 
the CS-UCS and the CS-generaliz 
contingencies. The questionnaire included ratings 
of the CS words, the generalization words, and 
neutral filler words on an evaluative 

semantic differential (Osgood, Suci, & 
1957). The Ss were also administere: 
burgh revision of the Taylor M 
(TMAS) (Bendig, 1956). 

The GSR was defined as the maximum decrease in 
skin resistance which occurred in the .5- to 5.0-sec, 
interval following the stimulus onset, A log con- 
ductance-change transformation was performed on 
the data prior to analysis. 

Each S's OR was determined by his GSR to the 
first word in the habituation list. Following 
Maltzman's (1967) procedure, Ss in each treatment 
group responding above the medi. 


respon an magnitude of 
the distribution of these responses were classified 


Y following 
re removed 
rimental ques- 
had discovered 
ation test word 


ale of the 
i nnenbaum, 
d the Pitts. 
anifest Anxiety Seale 


LODWIG 
i slow the 
as High-OR Ss, while Ss responding below t 
i " 3n "a 
median were classified as Low-OR Ss. 
RESULTS 
‘erences were 
Individual and group a a 
evaluated by mixed-design ana ys p- 
variance and analyses of covaninne sit 
analyses examined the following 


effects, where applicable: (a) the pere 
variables of OR (high vs. low), sex, a 
order (whether the noise or ive COR aren 
paired with the first CS), CS order 2 CS), 
CARPET or STEM occurred as the an ve 
and groups, (b) the within-S inden y 
trials, words, or the CS and its imme "ontrol 
preceding (Cy) and following (C2) € 


; reversal VS 

words, and trial blocks ae ag are 

postreversal). All of the effects pon 05 

reported were significant beyond 

level. 

Habituation jie 

t 

ns i Jine 
Chere was a monotonic declina by the 

magnitude of the GSRs evoked P) por 


different words in the habituation at h 
all of the Ss. The Ss classified ee 
orienters on the basis of the magni ist 
their GSR to. the initial word in ragni 
maintained this greater response C R 5s 
tude as compared to the hmi ^ 
throughout the habituation sess 
(1, 96) = 58.27, «dicate 
A probable sampling bias was "habitu 
by the initial performance in we roih y 
tion phase of the experiment. ihe 1 
had à reliably larger mean GSR to " NR. 
Word in habituation than ient 5 
F (1,96) = 4.56. The difference P6, , i 
Sroups was never found to reach seque" 
level of significance during SY "T : 
testing until the effect of the rey 
stimulus contingencies for Coy y BUS 
examined. The reversal appare? gro 
mented the difference between thes * 


Conditioning ia 
" 2 
A within- criterion of differen at 
ditioning was considered met. nir "t 
statistical analysis of the peg 
showed (a) a significant a s 
indicating that the GSRs to ! 


ova ly larger than to the control words 
Ens conditioning. trials, and (b) a 
which e Words X Trials interaction in 
greater E to the CS showed a 
the ed à sitive slope than the responses to 
Control words, 
eee af differential semantic con- 
m Fig p or ( TOUDS Rand NR is presented 
the CS af m which the change in GSR to 
[5 ilis es compared to the change in GSR 
id ntrol words immediately preceding 
Miet following (Cy) the CS, regardless 
the E s was presented and whether 
the "uli pos with the noise or with 
analysis 6 pn response. The statistical 
CARPET ae oup NR revealed that with 
“Tas the CS, the GSRs to the CS 


Woke a. AN 
conto S i candy greater than to the 
We Words, 7 (2, 96) = 76.41, and there 


action P gnificant Words X Trials inter- 
E (18, 864) = 7.49. Likewise, with 
*t as the CS, words was a significant 
> P T2, 96) = 46.91, and there was 
ttio 3 Significant Words X Trials inter- 


n, E (qq ] 
Statistic (18, 864) = 6.20. 


Analogous 
evidence for the reliability of 
conditioning in Group R was 
since such an analysis appeared 
after it was done for Group 

is the two ¢ s comparing the effectiveness 
ica ee ^i words in Groups NR and R 
yd So the Mit they did not differ reliably, 
Ot sube €y were combined for Fig. 1 and 
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were examined by analyses of covariance 
which used each S’s OR as the covariate 
for the analysis of the prereversal trials. 
The level of prereversal conditioning, each 
S's mean CR on the prereversal trials, was 
the covariate for assessment of group 
differences on the postreversal block of 
trials. The covariance analyses compared 
three measures of the performance of 
Groups R and NR on the two blocks of 
trials. The three measures were Ss’ mean 
CRs, the mean difference between CRs and 
GSRs to Cı, and the mean difference be- 
tween CRs and GSRs to C». 

For the prereversal block of trials, with 
each S's OR as the covariate, the two 
groups did not differ on any of the three 
measures. This analysis validated the 
assumption that with correction for the 
sampling bias, the two groups showed no 
reliable differences in differential condition- 
ing prior to the reversal of stimulus con- 
tingencies for Group R. 

The covariance analysis of the post- 
reversal block of trials was designed to 
control for the possibility that the observed 
difference between Groups R and NR 
following the reversal was a result of differ- 
ences in the level of conditioning achieved 
by Ss in the two groups during the first 
half of the conditioning trials. Two 
analyses of covariance were performed. 
The first used as covariates S's OR and 
his mean CR on the prereversal trials. 
‘The second analysis used as the covariate 
only Ss’ mean CRs on the prereve al trials. 
The results of both analyses were essen- 
tially identical. When the covariate of 
mean prereversal CR was included in the 
analysis, the value for S's OR contributed 
very little to the outcome, Consequently, 
only the results of the analysis using the 
i CR as a covariate are 


mean prereversal 
reported in detail. " 

Comparing Groups NR and R 
respect to their adjusted postreversal medi 
CRs (the dependent variable), Group. R 
gave larger responses than Group NR, 
F (1, 123) = 11.11. Further, within each 
group, the postreversal mean CR was 
dependent upon the prereversal mean CR 
(the covariate), justifying the covariance 


with 
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are combined prior to the reversal of 


Group R.) 


analysis, F (1, 125) = 105.64. The slope 
of the regression line of the dependent vari- 
able on the covariate was statistically 
equal in both groups. 

With respect to the postreversal mean 
difference between CRs and GSRs to the 
control words (C; and C,), Group R showed 
reliably larger differences, i.e., better differ- 
ential conditioning, than did Group NR, 
F (1, 125) = 6.23, for CR-GSR to C, and 
F (1, 125) — 4.36, for CR-GSR to: Cy. 
Again, in both cases the values obtained 
for these dependent variables (CR-GSR to 
Ci, CR-GSR to C») were dependent upon 
the covariate, F (1, 125) = 12.16, for 
CR-GSR to Cj, and F (1, 125) — 17.69, 
for CR-GSR to Cs Also, in each case, 
the slope of the regression line of the de- 
pendent variable on the covariate was 
statistically equal for both Groups R and 
NR. 

Analysis of variance revealed that within 
each group, there was no overlap in 
performance between High-OR and Low- 
OR Ss. Table 1 gives the trial means on 
the fifth and seventh conditioning trials for 
the High-OR and Low-OR Ss in the 
groups. The reversal of contingencies 


average 


two 
for 


of the UCS, of the Nonreversal and 
E : 

are combined, and Groups R and NR 

stimulus contingencies on trial 6 for 


oct O 
Low-OR .Ss in Group R had the eve 
elevating their CR performance to the 
of the High-OR Ss in Group NR. 
Nature of the UCS.—The preyigus i 
yses ignored the nature of the UCS, he 
or tone-pedal response and examine if 
effects of reversal versus nonreveP o ee 
terms of the responses to the C$ qu 
averaged over the UCS contingent ine 
following analyses of variance e rini : 
the CS-UCS contingencies in te our”, 
their effects of the CRs in the two 8 NÉ 
"rior to the reversal, Groups 
did not differ reliably in terms 0! a 
nitude of CRs induced by the noise * 
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As expected, the CRs in the 
Condition were reliably greater than 
S evoked in the tone condition, 
Ans] Ss of group, F (1, 122) = 18.93. 
that € : Bes of the postreversal trials showed 
Ween ere was a significant difference be- 
Cp,  Sroups, P (1, 112) = 10.95. The 
Brea Produced by Group R were reliably 
NR. r than the CRs produced by Group 
si tif, type of UCS also produced a 
inter, AME effect, 7^ (1, 112) = 19.41, and 
S 260 d with groups and trials, F (4, 448) 
erac: Figure 2 shows the nature of the 
tiag 108 between UCS, groups, and 
CRs b Well as the overall changes in 
BCS geo and after the reversal in CS- 
d emeq Bencies. The reversal in Group 
D "telae io elevate performance on both 
bi? i Ang CS-tone trials, diminishing 
Ock op ence between them in the last 
R, trials in comparison with Group 
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ae 36, ("Ted to Group NR, F (1, 96) = 


CE * Or + s 
f. don T the Groups X Trial Blocks inter- 


jen, 
e < 
M tri; "Sure 3 shows that for the first 
Vers lor soe Group R was somewhat 
al in ea Toup NR. Following the re- 
VCs p g 


SUCS contingencies for Group 


9r 
ek 
S 
2 
2 
E 7k 
c 
RS 
5 R 
E " 
ec 
NR 
| 
1 = 1 1 oe s 1 T" L 4 
1 2 3 4 5 6 7 8 9 10 


Conditioning trials 


Mean RTs of the Nonreversal and Reversal groups. 


R, they showed a marked increase in RT 
which still has not returned to the same 
level of performance displayed by Group 
NR by the end of the conditioning phase of 
the experiment. 


Generalization 


Generalization of the GSR.—The criterion 
of generalization was similar to that for 
conditioning. The magnitude of the GSR 
evoked by the generalization test word 
(GS) was compared to magnitude of the 
responses evoked by the immediately pre- 
ceding and following neutral control words, 
C; and Cs, respectively. 

Reliable differential semantic generaliza- 
tion was obtained in both Groups R and 
NR. The analyses of variance revealed 
words as a significant effect, F (2, 64) = 
8.39, for Group R, and F (2, 64) — 5.81, 
for Group NR, with Ss giving a larger 
response to the generalization test words 
than to the control words. There was no 
reliable difference in generalization between 
Groups R and NR. 

Analvsis of the generalization data re- 
vealed that level of OR was a significant 
variable for both groups, with High-OR 
Ss giving higher mean responses than Low- 
OR Ss, F (1, 32) = 14.93, for Group R and 
F (1, 32) = 8.79, for Group NR. 

Semantic differential ratings.—Following 
the experiment, Ss were asked to rate on 
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the pleasant-unpleasant evaluative scale of 
the semantic differential four control filler 
words, the two CS words, the two GS 
words, and two words related to the CSs 
but not heard during the experiment. 

Values of from 1 to 7 were given the words 

on the basis of whether S found them 

"very unpleasant" (a value of 1), "neutral" 

(4), or "very pleasant” (7). An S's ratings 

of the four control filler words were aver- 

aged to obtain a single rating for them from 

each S. 

Analyses of variance were performed on 
the semantic differential data from Group 
NR. Group R was excluded because the 
reversal of CS-UCS contingencies led many 
Ss to give two ratings to each of the CS 
words and to give ambiguous ratings to the 
generalization test words. 

Table 2 shows the mean ratings given 
words by Ss in Group NR. The differences 
among ratings of the different words were 
significant, / (6, 336) = 11.81. The 
analysis also yielded a significant effect 
for CS-UCS contingency, F (6, 336) — 
42.04. The semantic differential ratings 
thus showed evidence of conditioning and 
semantic generalization which varied as a 
function of the type UCS presented during 
conditioning. 

The finding that the actual generaliza- 
tion test words reflected the conditioning 
Procedure more closely than the two re- 
lated words not heard during the experi- 
ment suggests that the repetition of the 
generalization test words may have had two 
possible effects: (a) It heightened the dis- 
crimination between the two kinds of 
MM a i increased the level of 
words Sd ide. li €: aes uie 

sinit soris m ization test. Con- 
or the latter effect was 
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found in the GSR generalization daba i 
which maximum generalization of the pe 
occurred on the second or third presentato 
of the test word. Repetition of the dis 
during conditioning was one of P that 
tinguishing features, and it is likely he 
repetition of the generalization test Š é 
led Ss to anticipate that it, like the 
would be followed by the UCS. 
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of other studies which indicate vds 
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of anxiety (Belloni, 1964; Maltzman: 
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ential conditioning performance was a P surret 
This strengthening in conditioning cies f 
upon the reversal of stimulus continger ente 
Group R Ss and was manifested by om nt 
responses to the CS but not to the yë 
stimuli. Further evidence for the effec at 
of the reversal in evoking an OR vas sig 
postreversal RTs of Group R Ss Pap NR 
cantly slower than those of Ss in or imma 
Thus in the present study, both Nag wey 
and disruptive effects of evoking an 
demonstrated simultaneously. LIF ee 
these two ways in which the occurre eng 
OR interacts with ongoing activity A e OM 
ing of the CR by summation wit? sa 
characterized by Anokhin (1965) ivitY 
tion of the OR by the ongoing ac ion 
organism. According to his descr! with 
mation of the excitation from the m occu" de 
dominant activity of the organ ites ree 
such a way that the OR contr it 
dominant condition that precede: 
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Present experiment, strengthening of the CR 
following the occurrence of an OR was a dis- 
Crete event, in that the increment in GSR re- 
Sponding did not occur to the control words. 
his Suggests that the mechanism by which the 
OR Influences conditioning can be quite specific 
and does not necessarily elevate general 
MUtonomic nervous system reactivity. 
Sokoloy (1965) suggests that this kind of 
ean effect is manifested when an OR 
curs after the prior repeated use of a uniform 
has already led to some inhibition of the 
-— B asymptotic. CR performance, con- 
tradua t je presentation of the CS leads to a 
i E decline in the level of the CR, and 
Senp action of a discriminative stimulus 
effec a the CR. Sokolov attributes this 
on the o the activating influence of the OR 
reticular system. 
^ recent studies of the effect of postpeak 
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vant to 1 of an OR during conditioning. rele- 
id San 
hik he inte 

ory 


activities of the organism as conflict 
T $ On the Sut by the OR which can, depend- 
n Con 2 Strength of the excitatory processes 
Dresen, Drise it, inhibit all other acts. In the 


Mp tt g k : 
tive Study, both summation and the dis- 
5 1 
ira eq effect of evoking an OR were demon- 
the C simult 

eff, 


bay c ects of verifying the fact that 
\oticular i: an OR differ with respect to the 
Only c sponse system under investigation. 
In, E on 9 these differences occur when com- 
i, Oly, Roin 


in, ov, 
ibo, “Ing 


& motor activity with responses 
t "s autonomic system, but there are 
tong vidual differences in character- 
imr Tesponse patterns. This has 
by 1n finding and is discussed at some 
ün and or and Lacey (1958) and by 
Te c Mandell (1968). ! 
Meng © tWo main findings of the present 
in , Pertinent to the effect of an in- 
a Neal on differential conditioning. 
aS the finding that within Groups 
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R and NR, the noise UCS resulted in higher 
magnitude CRs than the tone UCS. The 
second finding relevant to the issue was that 
the Reversal Ss maintained a higher level of 
differential conditioning during the last trials 
as compared to the Nonreversal Ss. 

We can consider that in the present experi- 
ment, tonic arousal level was held constant by 
giving the same number of both noise and tone 
trials to all of the Ss. The phasic ORs, more 
intense to the noise than to the tone trials, led 
to the establishment of the CRs and were re- 
sponsible for the difference in amplitude of the 
CRs resulting from the noise and tone trials. 
In this sense, the phasic OR is a determiner of 
learning as a function of its role in producing 
changes in the CNS conducive to improved dis- 
crimination and performance. 

This role of the phasic OR as a determiner of 
learning can account for the second finding 
pertinent to the arousal issue: improved differ- 
ential conditioning performance of the Re- 
versal Ss as compared to the Nonreversal Ss 
during the last conditioning trials. The OR 
evoked by the reversal and by the consequent 
increase in uncertainty about the conditioning 
situation itself increased the ability of Ss to 
discriminate critical stimuli and provided a 
brief, appropriate increase in arousal that 
helped maintain the CR at a higher level than 
was the case for the Nonreversal Ss. Such an 
interpretation relates the results of this 
semantic conditioning experiment to the ex- 
tensive literature on arousal and performance 
(Berlyne, 1960), in particular by its demon- 
stration that conditioning is enhanced by 
ising treatments. 
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GOAL EVENTS AS DISCRIMINATIVE STIMULI OVER 


EXTENDED INTERTRIAL INTERVALS! 


MARTIN PSCHIRRER? 
Rockford College 


Discrimination learning was investigated using differential reinforcers as dis- 
criminative stimuli in both a runway and a T-maze situation. In the initial 
experiment, Ss (Wistar strain, male albino rats) were administered a sequence 
of three runway trial outcomes repeated indefinitely: either milk, pellets, and 
honreinforcement (called MPN) or pellets, milk, and nonreinforcement (called 
PMN). A 15-min. ITI separated each of the nine daily trials. The results sup- 


ported the prediction that Ss would learn to run more slowly 
cond experiment, Ss were trained to run to the 
reinforced trial and to the right side after a 
An ITI of 3 min. was employed. 
Ss gradually learned to run to the correct 


In the s 


on either M or P trials. 
left side of a T maze after a mi 
pellet-reinforced trial or vice ver 
sults indicated that each of the 


yon N trials than 


The re- 


side more frequently than the chance level of 50%. The results of these two 


experiments were interpreted as being consistent with E. J. Capaldi 


hypothesis. 

T l'he present investigation was concerned 
te ability of Ss (Wistar strain, male 
rats) to form an association between 

ten Paral separated events in both 

situation earning and learned alternation 
Japaldi i In the patterning situation 

Ment Ed 267), S must use the reinforce- 

M T of a preceding runway trial 

Wing ee stimulus for the fol- 

reinforcer lal. 7 hus, Ss are administered 
diene see in a single alternating (SA) 
an s of trials in which reinforced (R) 
If i reinforced. (N) trials are alternated. 
mus, 5,00 learn the discrimination, R trials 
longi MB as S— since they predict 
nq N Orcement on the following trial, 
they trials must function as S+ since 


wi” Predict ea; d 
tithe! edict reinforcement. After receiving 
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sequential 


val (ITI) of up to 24 hr. After the ITI, 
S is allowed to traverse the runway once 
more and again receives either reinforce- 
ment or nonreinforcement, depending on 
what happened on the prior trial of the 
sequence. 

The results of a typical pattern-running 
study (Bloom & Capaldi, 1961: Capaldi & 
Spivey, 1964) indicate that Ss learn to 
run faster on R trials (i.e., after nonrein- 
forcement) than on N trials (ie., after 
reinforcement). There are the following 
evidences that pattern running is due to dis- 
crimination learning over a delay rather 
than any alternative mechanism, such as 
an innate tendency to run slower after 
reinforcement: (a) If the SA schedule of 
reinforcement is changed to a schedule in 
which either N or R trials no longer are 
valid discriminative stimuli, the S's be- 
havior changes appropriately. For in- 
stance, if the sequence is R-N-N repeated 
indefinitely, Ss run slowly after the R 
trial but fast after each of the N trials 
because the R trial remains S— for the 
following trial (Capaldi & Senko, 1962). 
However, if the sequence is R-R-N-N 
repeated indefinitely, there is no patterning 
because neither an R nor an N trial has a 
consistent role as S— (Bloom & Capaldi, 
1961). (b) The patterning effect develops 
gradually over trials in a manner reminis- 


oa. 


426 


cent of the development of a discrimina- 
tion. 

Additional evidence that Ss can use 
events of a preceding trial as discriminative 
stimuli for the following trial is supplied by 
the work of Petrinovich and Bolles (1957) 
on learned alternation by Ss in a T maze. 
The first of three daily trials was reinforced 
regardless of the direction in which SS ran; 
Trials 2 and 3 were reinforced only if S 
alternated its responses from the preceding 
trial. Thus, for instance, a run to the right 
was S+ for the running to the left on the 
following trial and S— for the running to 
the right on the following trial. All Ss 
were started with a 15-min. ITI which was 
extended gradually until none of the ori- 
ginal eight Ss were alternating reliably. 
Some Ss were able to alternate with ITIs 
of up to 51 hr. 

The present series of experiments was 
designed to supply additional evidence that 
the patterning effect reported by Capaldi 
(1967) and the alternation effect reported 
by Petrinovich and Bolles (1957) are in- 
stances of discrimination learning in which 
the discriminative stimulus occurs at the 
end of the preceding trial. 


EXPERIMENT I 


It was hypothesized in the introduction 
that more complicated patterns of reinforce- 
ment, such as the double alternation, do 
not lead to pattern running in Ss because 
neither an R trial nor an N trial has a 
consistent role as S—. The following 
experiment was designed to confirm 
hypothesis by showing that Ss could learn 
a complex R,-R.-N sequence repeated 
throughout the experiment if the first 
reinforcer of the sequence were made dis- 
criminably different from the second rein- 
forcer. For instance, the first. reinforcer 
(Ri) might be milk and the second rein- 
forcer (Rs) might be chow pellets, and S 
would have to learn th 
follows 
not 


this 


at nonreinforcement 
à reinforcement of chow pellets and 
à reinforcement. of milk. 
Pellets would be S— for the 
and the milk would be S+ 

to here as the : 
lem (TDP), 


Thus, the 
following trial 
This is referred 
triple discrimination prob- 
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In short, it was predicted that in un 
sequence of milk-pellets pic vicio ' 
S would run slowly after a pellet trial ( al 
but would run rapidly after nonreinforced 
and milk trials (S+). In the a 
balanced sequence of pellets millc-no 
reinforcement, it was predicted. un 
would run slowly after a milk trial a 
but would run rapidly after noneeinfore 
and pellet trials (S+). This would ‘ait 
that particular properties o! the nein € 
ment could become discriminative simii 
and not only the presence of reinforcem 
versus its absence. 

In Exp. IA, Ss were trained. frc 
beginning on the T DP while in Exp: ^^ 
were faded into the TDP from seti 
problem. Extrapolating from"finding? $ 
marized by Terrace (1963), it migh 
expected that this fading procedur 
expedite the learning of the TDP. 


m the 
Ss 


ye 


Id 


e woule 


Method 


T r 
" yindse 
Subjects. ~The from \ [ the 


purchased M 

Biological Gardens, were 12 male albino j ae 

Wistar strain about 75 to 90 days old at q indi 
x 


' 
" { 
t ( N aq amem usc 
ning of the experiment, The Ss wert Lae both 
vidually in the experimental room Un tino? 
Ape Em 
artificially controlled temperature and (€ 


ats O 

artificial illumination. amercitl 

"rn ay col "t 

"Apparatus. Vhe apparatus, a Hunter eae "EL 
runway, was an enclosed. straight runway 


uniformly 12, 


- H 1 Ade MK 
7 cm. high, 8.3 em, wide, at 
long. 


29,2 CN — dc 
Em autom 
: (eom 

; from ty 
door separated the start ae pune 
actual runway, Both the start box anc rung foo 
had lucite tops and sides and aluminum e ing De 


hi j] Jide; ae. cg 
Phe goal box. (33.0 em. long, 15.2 em. oad with 
em. high) was constructed of tim: [bie m 
hinged, hardware cloth top and an n he pos 

1 


The adjoining start box was 


8.3 cm. wide, and 12.7 cm. high. 
guillotine 


ad UY s 
floor, A manual guillotine door UPS i got ue 
way from the goal box. The rear of the 7 ; 
Was divided into two small adjacent cont 
each of which had its own guillotine EI 
it from the rest of the goal box. 
individual compartments measured. “runway n 
rhe d while 


jart! ing 
sepan nest 


7.5 cm. wide, and 12.7 em. high. is 
" $ H sray 

Start box were painted a medium £ 

goal box was painted a flat black. 


. od oU rt 
A photoelectric system was used ive P” (os 
\ Cees 


time taken by cach S to traverse su measure? 
of the runway. The three latency rded for 

) : re recordet, uo 
start, run, and goal times) were re rhe 


trial on three millisecond stop clocks gt 
clock. started when the start box ee 
stopped when S broke the first phot 
Was located 254 em. down the 


samt 
Dest gres 


runway 
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p i osha also started the second stop 
Seco] b SUR 1 i n turn stopped when S broke the 
beam ie thon 11.3 cm. from the first photo- 
the EUST third. stop clock started when S broke 
cam. The ime and stopped when S broke the third 
the due ted photobeam, located 40.6 cm. from 
ox, er and only 2.5 cm. from the goal 
that s ns i timer which measured the interval 
times ARS confined in the goal box. A second 
x was used to measure the I5-min. UTI. 
Hiph opio evaporated milk was always in the 
Were aly. partment of the goal box and Noyes pellets 
Prelims un the left compartment, — ] 
cach 5 =i training. M n cach of the first 5 days, 
and, in aa randled individually for 5 min. a day 
Weight, w ition, was reduced to 80', ad-lib body 
Cage duh m Was provided ad lib in the home 
rats we ing the entire experiment. On Day 5, all 
5 sre allowed to freely explore the runway for 


min, cae A petal 
the = cach, The guillotine doors at cach end of 
ibn Way were open during this period. In addi- 


uring s 

titel ig adaptation period. After beir x accli- 
Taverse u sa laboratory, cach rat was tro ined to 
Which to runway on Day 6. In this training, 
tach ç ds place prior to formal patter n training, 
SUcrose irs Siven six trials reinforced with 10, 
Place Hutton, One of these trials was a Set 
v x 


ing iP RA randomly in Exp. LA while the remain- 
i 2 loj: T placed in Exp. 1B. 
Minap, U Ming: Experiment LA Mer the pre- 
Procedur training was completed, the formal training 
$35 placed ; Prior to starting a trial, an S 
in a C in the start box with the guillotine door 
Position, As soon as 5 was oriented 
urn activa Bate, it Was opened electrically which in 
Were g arian the first clock. The appropriate clocks 
ia Öka hee stopped as ;S traversed the runway 
al Es 1e photobeams. When S entered the 
X, the guillotine door dividing the runway 
; box was closed. The S was manually 
terung, enter the goal box if it failed to traverse 
Por YY in less than 60 sec. 


I; | SIX Ss were introduced to the TDP 

those Y. following preliminary training. Three 

5 Were given a pellet trial prior to nonrein- 
FC, M-P-N sequence) while the other 

iven 
] 


m 
D Wo 
vent ge a milk trial prior to nonreinforce- 
N sequence). The sequence w 
les for a total of nine daily trials. 
"als, Ss received 30-sec. access to 
evaporated milk or Noyes pellets; 
E I Teed trials Ss were conlined for 60 sec. 
“i E Sous Without access to food. The 5s were 
m iM allowing 2 min. per S with a 4-min. 
Pont trial athier the six Ss in a squad had com- 
lle, do that the ITI was 15 min. 
fo, Ds raced E Experiment. B.—Mter the pre- 
Gade, tt of p UTE had been completed, threc Ss in 
HR te m ki UXperiment were switched to an SA 
2 '8Ung of pellets and nonreinforcement 
Sequence) while the other three Ss 
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Fic. 1. Mean run speed on Ry, Rs, and N trials 
in a TDP sequence over blocks of 2 days. 


were placed on a milk and nonreinforcement fse- 
quence (ie, a M-N sequence). All Ss received 
eight trials per day with a 15-min. ITI. In other 
s Exp. IB s similar to Exp. LA. 

After Ss had reached criterion in the above SA 
sequence, they were switched to the TDP. Criterion 
was said to have been reached for any S when, on 
1 day, its mean running time for N trials was .5 sec. 
higher than its mean running time for R trials and 
when three of the four N trials were slower than the 
slowest R trial. For the P-N squad, a milk trial 
was added so that the sequence was milk-pellets- 
nonreinforeement. For the M-N squad, a pellet 
trial was added so that the resulting sequence was 
pellets-milk nonreinforcement. Note that the same 
ice. always preceded nonreinforcement for 
ven S. At this point in training, the procedure 
» IB was the same as that used for Ss 
The Ss in both experiments were tested 
until it was apparent that pattern running was 


obtained. 

In order to minimize the roles of olfactory cues in 
exp. l, the following three precautions were taken: 
First, the runway was washed thoroughly after each 
S had completed a trial. Second, the running order 
of Ss within a squad was randomized daily in an 
effort to eliminate the possibility that one S may 
learn the discrimination and the rest of the Ss 
merely follow the first S's odor trail. Finally, Ss 
were subdivided so that two Ss in each experiment 
received nonreinforcement on either Trials 1, 4, and 
2, 5, and 8; or 3, 6, and 9. 


7: 


Results and Discussion 

Experiment 1A.—Capaldi's (1967) pat- 
terning effect successfully was extended to 
the TDP situation. Figure 1 shows how, 
in the course of training, speeds on N 
trials became slower than speeds on R 
trials. (Although not presented in this 
article, the start and goal speeds were 
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Fic, 2. 
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found to be very similar to the run speeds.) 
For purposes of statistical inference, start, 
run, and goal speeds were averaged during 
Blocks 10-13; each of the six Ss ran faster 
on R trials than on N trials (binomial 
test, p < .05). To assess the consistency 
of the results, there were separate tests 
of significance on each block of trials. 
There was a significant difference at the 
-05 level for the Ri, R 


» and N run speeds 
during each 


of Blocks 8-13 (f tests). 
lere was no reliable 


the R; and R, speeds; 

on any block yielded a significant result 

for any of the three measures of speed. 
igure 1 suggests that Ss c 


difference between 
not a single ¢ test 


an use the 
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Run speeds for the individua 


MEAN RUN SPEED 


t uy $9 I M 
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MEAN RUN SPEED 
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BLOCKS OF TWO DAYS 


| 5s in Exp. IB on Ry, Re, and N 


ays in the SA and TDP sequences. 


A „ecede 
the R; trial and the R; trial Ae 7o E 
Ry trial, both N and R, had thé Nt 
S+. Only R», which preceded t 


1l 

took on the role of S—. joint P 
Figure 1 also makes a subtle | to avat 
food reinforcement is considere elle 


kan r 
" ro 
dde i weir Pep 
Seem to be very different in u the T 
) Ud nó 
a 


he i re% 


: EN at 
ment on the following trial. — e 
substantial generalization be 


sint 

, » à discri 
type of food reinforcement as a secede 
live stimulus. Since the N tria d th 


. and the pellets, Ss would tend to run 
X slower on Re trials than on R; trials. It 
'S evident from Fig. 1 that nothing like 
this happened; thus milk and pellets were 
as discriminably different from each other 

as either is from nonreinforcement. 
Experiment IB.—Since Ss were shifted 
Individually from the SA to the TDP, the 
Stoup data are very confusing and, there- 
ore, are not shown here. Figure 2 shows 
the individual S data for the run section. 
Ne first part of each individual graph 
represents the performance on the SA 
Pattern and the second part represents the 
Performance of Ss on the TDP sequence. 
mee each of the five Ss (one died during 
s Be ning) learned the TDP, and in view of 
Er itte of Exp. IA, inferential statistics 

“d add no useful information here. 

at Eure 2 indicates that each 5 began 
Quen ning at some point in the SA se- 
8 so *. The individual data indicate that 
On às the fading Ss were shifted from 
“A to the TDP sequence, patterning 
This pileni immediately for all five Ss. 
hat ing supports the earlier a 
riain a pelles are very ss 
ative stimuli. If this were not 


Case on i Pei at after the 
* one expect. that after the 
transfer might expe 


Mitia] from SA to TDP, Re speeds 

be ES ly Would be about as slow as N speeds 

tein use the R, runs are preceded by Ri 
°reements. 


1 EXPERIMENT ll 


Mte Teinforced trial and to the right side 
ln c m Pellet-reinforced trial or vice versa. 
al th trast to Exp. 1, in which the sequence 
elle ferent types of trials was fixed, a 
9. da E (1933) series of trials was used 
n Tine the exact sequence of rein- 

on each day. If Ss were to 


Lie, : 
ing, cessfully in Exp. II, the following 


Tinga: à 
Mation would be obtained. 


` TI 
l Dp transition from SA performance 
Performance in Exp. 1B was so 


The m 
lo w Purpose of Exp. II was to train Ss 
Milk N to the left side of a T maze after a 
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the information supplied by the two dif- 
ferent types of reinforcement. However, 
the random sequence of Exp. II insures 
that the problem cannot possibly be solved 
by counting, thus insuring that perfor- 
mance must depend on use of the type of 
reinforcement as a discriminative stimulus. 

2. Experiment I requires a “go left-go 
right" discrimination instead of the "go- 
no go" discrimination of Exp. I. It is 
easier to postulate artifacts to account for 
à "go-no go" discrimination than for a 
"go left-go right" discrimination. Thus, 
if Exp. II were to be successful, it would be 
still more certain that the patterning effect 
of Exp. I is to be attributed to discrimina- 
tion learning. 


Method 


SNubjects.— he Ss were six male albino rats housed 
in individual Plexiglas cages in the experimental 
room. The same temperature, lighting, and depri- 
vation conditions employed in earlier experiments 
were used in this experiment. 

-Apparatus.—Vhe^apparatus was a simple T maze 
which included a 45.7-cm. stem and two 50.8-cm. 
arms with goal boxes at the end of each. The goal 
ves were identical to the one described in Exp. I. 
pt for the black goal boxes, the entire apparatus, 
a Hunter commercial Plexiglas T maze, was painted 
a medium gray. All sections of the T maze were 
uniformly 12.7 cm. high and 8.3 cm. wide. Three 
automated guillotine doors were placed at critical 
places in the;T maze: One, guillotine door separated 
the start box from the stem of the T maze, and one 
door was placed in each arm of the T maze at the 
choice point. The doors at the choice point were 
used only in forced trial pretraining. Both the start 
box and the runway had lucite tops and sides and 
aluminum rung floors. Manual guillotine doors 
when lowered separated the goal boxes from the 
arms of the T maze. 

As in Exp. l, both compartments in each goal box 
were employed with Carnation evaporated milk 
always being in the right compartment and Noyes 
pelle ts always being in the left compartment. 

Preliminary training.—On each of the first. 5 
days, cach S was handled individually for 5 min. 
On Day 5, all Ss were allowed to explore the maze 
for 5 min. each. During this adaptation period, all 
five guillotine doors were open and, in addition, 
there was no reinforcement in the goal boxes. 

Forced-trial T-mase training. —T-maze training 
began on Day 6 of the experiment. The rats were 
divided into 2 squads of 3 Ss each with the further 
restriction that Squad 1 (milk-right, pellets-left 
discrimination) was tested first each day and Squad 
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(Squad 1 


consisted of $5-S; while Squa Sy.) 


d 2 consisted of S 


2 (milk-left, pellets right discrimination) was 
tested second. The rats within a squad were 
assigned randomly a daily running position which 
was changed from day to day. 

On Days 6-10 Ss were given a tot 
trials with 20 being to the left and 
right. The sequence 
the Gellerman series 


al of 40 forced 
20 being to the 
of trials was determined by 
and was different for cach S 
and in each day. During the forced-trial procedure, 
each S was subjected to five daily trials on Days 6 
and 7 and 10 trials a day thereafter for the remaining 
days, For example, suppose that a hypothetical 
S has to learn a discrimination in which the type of 
reinforcer is the relevant cue. That is, milk con- 
sumed on Trial Ta indicates that § should make a 


her turn on ‘Trial Tu +1 while pellets consumed 
on "rial T» indicates that $ should turn left on Trial 


MARTIN PSCHIRRER 


Tan +1. Thus, if S received pellets ot pA 
would be forced to the left on ‘Trial sped right 
ceived milk on Trial 1, it would be forces e € 
al 2. This procedure was repeated throug 

ced trial training. M sa 
gg e T-maze training. - Beginning of ta 
11, each S was given 20 daily err ge 
the remainder of the experiment whic ] peni E 
of 720 training trials (i.c., 36 days of m. On utt 
this part of the procedure, 5 had to ierit prole 
of reinforcer as a discriminative stimulus 1 z 


Consider an arbi 
was detern 


on | 


lem was to be learned. 
called Tu. The correct eceding trial 
by the type of reinforcement on the Tr 1 immediate 
(Tn —1). If the rat was correct, it receives yf 15-806 
reinforcement in the goal box consisting d py the 
access to either milk or pellets as determi 
Gellerman series, g 

If 5 was incorrect on Ta, a correction 
was used since it was necessary to dispense s 
ment on each trial so that S would. TIRE SM " 
native stimulus for the following trial. habits, 
prevent perseveration of strong ponton ng : 
correction. procedure included the CO im farce 
methodological features: (a) Delay of 70! intone 


response 


procedure 
reinforce” 
crimi- 


the 


ate 
edia 

C n 

an incorrect response would not rec confined i 
: v owas ven i 

secondary reinforcement, The 5 wa ive * 


aing £ 5 
the correct goal box for 20 sec. before bt Eo "Repel 
15-sec. reinforcement in that goal PUMA ho inco 
tion of same contingenc y if incorrect: L3 Bem um 
rect trial, the same type of reinforce precedi! d 
had been administered on the incor 
trial was administered again, ‘That m anc a 
not advanced in the sequence of mt winning ed 
reinforcers until it was correct at the i nae ed 
trial. Thus if a rat had a position D re 
à point in the milk-pellets sequence na bits it rah 
a response contrary to the position ^ unti it 
not receive immediate reinforcement 
contrary to its position habit. aad before, 

Each S in a squad was given de 1 Squit 
2 was begun. After the three Ss 3 was qwe 
finished their 20 daily trials, Squad 2 W berwi 
the same manner ; Squad 1. rhe s 
3 and 33 min. for all Ss. The maze b 
a damp sponge after each squad tr 
squads. i 

Data anal ysis.—1n calculating a 
trials in which an S was correct, E 
followed incorrect trials were omitte ig: es 
analysis. This procedure was ate develo? 
the data shown would measure He info 
control of S's behavior by the tYD* 
received on the preceding trial. the 
incorrect. trials were included in respo! 8C plk 
and if 5 learned to alternate its orrect ee 
à trial on which it was forced ji better de 
formance could easily be shown A nipato" ree 
without any learning of a pees cen 
the type of reinforcement whic 


and 


inst 


nad 


GOAL EVENTS AS DISCRIMINATIV 


Results and Discussion 


Figure 3 shows the proportion of runs 
to the correct side over blocks of 4 days for 
each S and for the group. Figure 3 indi- 
Cates that each of the 6 Ss gradually learned 
9 run to the correct side more frequently 
‘Sa the chance level of 30€; (binomial 
Si p < .05), The tendency of Ss to be 
of QV Chance (50°) during the first block 
Series MD bean artifact of the ( rellerman 

S which has a slight tendency to rein- 
sit ternation, while Ss in the present 
ibi ^ had à tendency toward position 

.. Perseveration. 
peer 3 shows that Ss could use milk or 
MM » cues for a directional response 
Bon b. c elay just as Ss of Petrinovich and 

$5 (1957) could use their own behavior 
3$ cues oy, 
S over a delay. 


GENERAL DISCUSSION 


au tile the present theoretical orientation is 
t different from that of Capaldi (1967), 
"pari ine results support his sequential 
triaj CSS that it is the occurrence of R and N 
Sih Hs P. a Particular sequence which is respon- 
apalai. Pattern running (eg, Bloom & 
The ' 1961; Capaldi X Stanley, 1963). 
of | o eeSults of Exp. I suggest that the failure 
Pattern and Capaldi (1961) to obtain DA 
teo, ung was due to the fact that no trial 
On as in this sequence consistently took 
um role of S — or S+. The Ss tended to 
Ue Cir problem by running very fast on 
the sequence. A study by Hart 
Capaldi, 1967, p. 129) further 
he hypothesis that DA patterning 
Ur because there is no consistent 
RN. Ls lart administered a sequence of 
Ay. p trials to Ss (rats) in a straight run- 
n v Ported that Ss did not differentiate 
In. ty on N ind R trials but did learn to run 
tells; XS t trials—the trials following the R 
te that the R trial was the only 
* Chree-trial sequence which always 
a the same consequence. That is, R 
tently had the role of S—. while 
, Were on some s- 
Sv) and on other occasions S+ 
2). It might be hypothesized 


occasions 


two N trials somehow had been 
ent Ge. shoek on N; trials vs. 
On N; trials), just as the two R 


Made different in Exp. 1, Ss would 
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have run slowly on all N trials and fast on R 
trials. 

Experiment I indicated that patterning is 
quite likely a type of discrimination learning 
since it was found that if the R trials in a TDP 
are made different, S readily learns when the 
last reinforced trial has occurred and when the 
first nonreinforced trial will occur in the se- 
quence. Therefore, it seems reasonable to 
conclude that the results of Bloom and Capaldi 
(1961) which indicated that Ss were not able 
to learn the DA problem were probably not 
due to the inability to learn, but more likely 
were probably due to the inability of the Ss 
to discriminate between the R trials of the 
sequence; thus there was no consistent S— 
to predict the occurrence of an N trial. Like- 
wise, since the N trials were not different in 
the DA situation, Ss had similar trouble 
determining when the last N trial had occurred ; 
thus there was no consistent S+ to predict 
the occurrence of an R trial. 

Furthermore, the results of the fading group 
in Exp. IB suggested that the TDP situation 
could even be simplified to a great degree if 
Ss were given training in an SA situation prior 
to being exposed to the more complicated TDP. 
In this situation, it appeared as if Ss learned 
that reinforcement of one kind (i.e., milk for 
some Ss and pellets for others) always indi- 
cated that nonreinforcement would follow 
(i.e., took on the role of S^). Then when Ss 
were shifted to the TDP, the addition of 
another reinforcer did not necessarily disrupt 
the patterning response since Ss still only had 
to utilize milk as S— (or vice versa). The 
newly added reinforcer rapidly took on the role 
of S+ since it predicted the occurrence of 
reinforcement on the following trial. 

The results of Exp. II extended the findings 
of Petrinovich and Bolles (1957) since it was 
demonstrated that directional responses can 
come under the control of differential rein- 
forcers, even when spaced trials are employed. 
The results showed that the reinforcement 
outcome of the preceding trial has still another 
property which is characteristic of discrimina- 
tive stimuli: It can control the type of response 
S will make on the following trial instead of 
just the speed of the response. 
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INTERTRIAL INTERVAL, TYPE OF SHIFT, AND FOUR 
SOURCES OF GENERALIZATIONZDECREMENT ! 


E: J- CAPALDI * 


Purdue University 


Employing rats in a runway, the succ 
varyi 
(transfer vs. nontransfer shift). 
larger at the 3- to 3-min. interval. 


e negative contrast effect was studied 


both intertrial interval (3-5 min. or 24 hr.) and type of reward shift 
The negative contrast effect was considerably 
Transfer shift training eliminated the 


negative contrast effect at the 24-hr. interval, merely reducing it at the 3- to 


5-min. interval. 


"These findings were emploved to evaluate the relative con- 


tribution to the negative contrast effect of four separate sources of generaliza- 


tion decrement. 


" reduction in reward magnitude may 
rew ess performance below that of a small 

Ard contr 
the rd Control group, a phenomenon called 
Ive effect 


BANG pedet poete 
SUCCESSIVE NEGATIVE CONTRAST EFFECT: 


de 


d Negative contrast 
“). Some hypotheses suggest that 
Producti \ ith reward reduction is the 
Which N ides new unconditioned stimuli 
ization i kens responding due to general- 
Competin eerement and. the elicitation ol 
a tende, n responses, \\ hile there has been 
Some tev to explain the NCE in terms ol 


Men 


ingle source of generalization decre- 
i clear that at least two 
invol generalization decrement 
1 "olve : : 
ADH. Ved. For one, reward reduction 
a Dears i 
E Nse] 
“Yncl 


“ide 


seems 
must 


oe frustrative stimuli (e.g. 
i. dies Also, it appears (¢ apaldi à 

97) that different reward magni- 
c {large, small, ete.) produce associated 
i, SUnetive stimuli. Thus, an animal 


"nec 
bej | under large reward would, upon 
gc 


& shir 
‘negated to small reward, encounter the 
yg, UOned stimuli produced not merely 


a^ Uit. 
"ng, “ation but by small reward as well, 


A Pa tend to perform poorly (NCE). 

tnn, po iue (Amsel, Wong, & Praup- 
o Stipe 1; Capaldi, Berg, & Sparling. 
ir linger however, that as many as 
y Progon ditioned stimuli may be involved 
Non any Mg the NCE, That is, it appears 
BLN Stimulus state, such as frustration, 
TI Ob (wo separate and distinct 
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components, a component which diminishes 
as intertrial interval (UTD) increases many 
would call this component a fading trace or 
aftereffect. and a component which is 
independent of ITI. The component which 
is unaltered by ITI might depend upon 
classical conditioning (Amsel et al., 1971) 
or long-term memory (Capaldi et al., 
1971). More particularly, one sort of 
frustrative stimulus (S*) appears to be at 
maximal intensity immediately following 
the frustrative trial thereupon progressively 
diminishing to zero as ITI increases, while 
the second sort of frustrative stimulus (Sf) 
appears to be unaffected or unaltered by 
ITI. Correspondingly, the stimulus com- 
plex produced by small reward has a 
diminishing component (S™*) and an ITI- 
independent component (S ). — Accord- 
ingly, while reward reduction at massed 
trials would introduce all four uncondi- 
tioned stimuli, S", S6 S*$, and S", reward 
reduction at spaced trials would introduce 
only Sf and S™. Clearly, then, the NCE 
should be larger at massed than at spaced 
trials. The effects of ITI on the NCE do 
not seem to have been directly investigated. 
and Spitzner (1968) have noted, 
that the NCE frequently has 
a fragile phenomenon, both 
absolutely small and difficult. to demon- 
strate statistically. This observation may 
be valid only in connection with the spaced 
trial NCE. 

The investigation 
two major purposes. 
determine if as many as four sources of 


Spear 
however, 
proved to be 


reported here had 
One purpose was to 
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generalization decrement are involved in 
producing the NCE. T he second purpose 1s 
unique in NCE investigation and went well 
beyond the first. The second purpose was 
to evaluate, within reasonable limits, the 
relative contribution to the NCE of each 
of the four sources of generalization decre- 
ment noted. 

As indicated, the NCE occurs because 
one or more of the stimuli SF, Sf, S®5, and 
S™ are not conditioned to the instrumental 
reaction at the time reward is reduced. 
Clearly, however, if one or more of these 
stimuli were conditioned to the instru- 
mental reaction prior to the reward reduc- 
tion phase, then the NCE might be reduced 
and perhaps even eliminated. Thus, it has 
been reported (Capaldi & Ziff, 1969; 
Mikulka, Lehr, & Pavlik, 1967) that a 
shift to a small magnitude of consistent 
reward following training under a large 
magnitude of partial reward did not 
produce an NCE. The NCE was eliminated 
presumably because under partial reward 
frustrative stimuli are conditioned to the 
instrumental reaction in the training phase, 
and thus in the reward reduction phase the 
frustrative stimuli did not occasion general- 
ization decrement. 

Capaldi and Lynch (1967), who employed 
consistent reward and a 24-hr. ITI, elim- 
inated the generalization decrement assoc- 
iated with stimuli characteristic of small 
reward, specifically S", First, Capaldi and 
Lynch reported that a group which received 
small reward following large reward (usual 
two-phase design) showed an NCE. For 
this group, called the nontransfer shift 

group (NTS), both Sf and Sr produced 
generalization decrement. A second group, 
called the transfer shift group (TS), was 
trained in three phases, small reward, 
large reward, and small reward again. The 
purpose of the initial phase of small reward 
trials was to condition Sr to the instru- 
mental reaction. Thus, for the TS group 
z the reward reduction phase, Sf Dut not 
` produced generalization 
The TS group did not show an NCE, 
Site ie ae a A he 
associated with” T a, ization decrement 
>" can eliminate the NCE. 


decrement, 
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Since transfer shift training at ae 
ITI eliminated S" as a source of ee ae 
tion decrement, transfer shift uoce gr 
short ITI should eliminate both S f pee 
as active sources of generalization. ae 
ment. This investigation een tall 
transfer shift group trained at ero € 
(Group TSM) and a transfer shift SS), 
trained at spaced trials (Group aint 
as well as a nontransfer shift group nasil er 
at massed trials (NTSM) and a P NTSS) 
shift group trained at spaced tris fotorit) 
These groups constitute a 2 X 2 ^d with 
TS versus NTS training combine m 
massed versus spaced trials. Phe pu 
the TS training was to elmar 
generalization decrement assomat 
S" at spaced trials (Group rss) a 
generalization decrement associate TSM): 
SPS and S" at massed trials (Group ible t° 
When this is done it becomes POSS Tia. 
estimate the relative amount of germ f the 
tion decrement associated with cac hase 

k ^ -eduction Pi. 
four stimuli in the reward reduc alization 

The active sources of gene phase 
decrement in the reward reducti? ws: | 
were for each of the four groups B" à s") 
Group NTSM (Sr, St, S'». ale, S") 
Group TSM (S*, Sf), Group NTS* there are 
and Group TSS (S), Note that ecc 


v—————— Ue PnÓ 


with 
the 


with 


d 
two active sources of generalization s fof 
ment in the reward reduction P. TS? 
Group TSM (S¥ and S5) and eee E pare 
(Sf and S") and that these group" ad f 


F pe] show’ ud 
Sf in common, 1f Group s it woul 
larger NCE than Group NTS> 7 iati 


lize 
‘ c general 
necessarily follow that more ge? ^ ey th 


decrement was associated se iid 
with S", An opposite result ae pari P ad^ 

an opposite conclusion. By con apro" 
size of the NCE in other groups, val 
tions of groups, it was possib € atio 
the relative amount of generali? i | 
ment associated with the other $ | 
1 

adisoM -ght ab 


METHOD 


id at 
: sin ‘ gy days ? 
Subjects. The Ss, about he male 


rat P. 
of the experiment, were 60 nai 
from the Holtzman Company: s 
A pparatus.— The apparatus i i 
208.3 cm. long, 10.2 cm. wian, 
229-cm.-high sides, covered bs ctec 
hardware cloth, Uu 


js à 8% ojos 


It was cons 


SUCCESSIVE AT 
Eid a medium gray. It had three basic 
f y acon start section, a 117.I-cm. run 
a .6-cm. goal section. On all trials, Sw: 
at the rear of a 25.4-cm. start treadle sus 


sections: 


ection, and 


Bid: enero. starting a .Ol-sec. clo k- This 
an aT and a seeond started when S broke 
Bae ting wam 10.2 cm. from the treadle’s tip 
€). The interruption of a second beam 

em. from the first stopped the second clock 
Thirty and 
alf centimeters from the second beam and 
em. from the front edge of a brass 5.1 X 10.2 
em. food cup, covered by a tightly fitting, 


au eae 
, Lomatically controlled, 


Tun time) ; S 

and started ¢ exse 
one-h irted a third clock 
31 


an electrie liding metal lid operated 
Merruptine 4 motor, wis d third infrared beam. 
and opened th stopped the third clock. (goal time) 
roke the ti fe lid covering the food cup. When 5 
€m. from ti di beam, a brass guillotine door 30.5 
Creby ce ae 5 d stal end was lowered manually, 

" m all AES 5 to the goal area. Individual 
qs three sections were recorded, as well as 
tme, which was the sum of the elapsed 
the clocks. 
Iraining.— The Ss were placed in 
yne Lab Blox 
On Days 


time. 
u me 


in. each day outside the home ci 
eh course of the experiment, the daily 
as fed 15 min. following return to the home 


Vatic OF 
Cage 


Experi 

Xperime 3 A i s 
May e dent training. Experimental training 
Brou ds bu into three phases: In Phase 1, 
(2.045 Ceeived either 15 small reward trials 
i ) 


Sgm. N ; 
Rroup, pas Noyes pellets) or handling; in Phase 
map ^ ceeeived either 30 lange (20 pellets) or 30 
eei, Värd trials; and in Phase all groups 
ve groug 


E small reward trials. Three groups were 
DS at d 24-hr, ITI and three corresponding 
aba 


$ > to 5-min. ITT 
le sm min. PTL. 


all reward, spaced trial group (Group ` 
1-45 of exp 
The transfer shift, spaced trial 
USS) received 15 small reward trials 
s 16-45) followed by 30 large reward trials 
Grou : The nontransfer shift, spaced trial 
P NTSS) was removed from the home 

See Ed on Days 1-15, this being followed 

*ward trials (Days 16-45). 

, Oups were trained at a 3- to 5«min. ITI. 
these groups received three 
sed! 


5S) 


One tri 
MS trial each day on D: 
Wrainiy 2 


and 2, 
Group SM (small reward, 1 


ied DPA reward on Days 41-45, Group TSM 
Sei, ming reward on Days 31-45 followed by 
Md aed y O J i TSN 
Rats ee re, S jf f "i fiti Ni M 
Dg "T Wer Wire Í v, «Mil M Ni 
si P). 

AN la b, moved "vs 36 45. Groups Sl 
Py dae O yol from the home cae amd 
ies aus as was Group NTSM en 


)-6s 
the three spaced trial 


Wh. th. Cej 
IRR bee sm Jive 3) 
te tiny Nats, it ett 
“mails, ted wa at one trial each day: 
Ning MI I UU groups received 20 small 


ees 36 and 10 on Day 47, the 
> min, 
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Groups TS and NTS were equated on the basis of 
number of large reward trials (30) rather than on the 
of total number of trials (45). The reason was 
the NCE increases number of large reward 
rials increase (e.g., Vogel, Mikulka, & Spear, 1966). 
"Thus, if total number of trials were equated, finding 
the NCE to be larger in the NTS condition as 
opposed to the TS condition could be ascribed 
either to the greater number of large reward trials 
in the NTS condition or the small reward trials 
received in the TS condition. Since the NCE does 
not decrease with an increase in number of trials 
per se, e.g., as number of large reward trials increase 
the NCE increases, it was considered best to provide 
the TS group with 15 additional small reward trials. 

The Ss were brought into the experimental room 
in squads of three in holding cages. A squad alw: 
consisted of one S from each of the three mass 
trial groups or one S from each of the three spaced 
trial groups. Massed and spaced trial squads were 
run alternately and the running order of Ss within 
a squad was changed daily. Immediately afier 
having eaten the reward in the goal box, S was 
returned to the holding cage. Following the last 
daily trial, Ss were returned to the home cage where 
15 min. later they were fed 12 gm. of Lab Blox minus 
the amount eaten in the runw: ‘There were two 
Es, Each E ran half of the Ss in each group. 


RESULTS 


Analyses of variance included three main 
effects: £, massed versus spaced trials (ITT) 
and prior training (PT), small reward 
versus large reward. (NTS training) versus 
TS training. 

Phase 1+ In Phase 1, groups received 
either small reward trials in the runway or 
handling. An analysis of variance over the 
15 trials of Phase 1 indicated that no 
difference approached significance including 
that due to the dummy variable (Groups 
SS and SM vs. Groups TSS and TSM). 

Phase 2. Since the NTS group began 
training in Phase 2, an analysis over the 
early trials of Phase 2 which includes these 
groups is not too meaningful. Accordingly, 
r the first 15 trials of Phase 2 


an analysis ove 
formed employing the small reward 
the TS groups. Only the 
significant, F 


was pe 


groups and > 
i due to PT was 


VT j jg start; 7 9- 
l ln P il. A AMT < 05, in goal 


E 05, in runi aud li Vig. A the 
5 = 4.006. P ge, m peer pri (differ 
vere collat did not approach 

to this Y total of the 
15 trials of 


collapsed 
ariable di6, 
speeds in 
last 


s] eeds Y 
es due 
vance), 
three grou 


enc 
signific 
major 


and the 
x on the 
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1 2 5 4 5 
Blocks of 3 Trials 


Fic. 1, Speeds in total in blocks of three trials 
for groups in the TS condition, the NTS condition, 


and the small reward condition on the last 15 trials 
of Phase 2. 


Phase 2 in blocks of three trials are shown. 
It can be seen that large reward produced 
faster running than small reward, F (2, 48) 
= 6.07, p < .05, in start; F = 7.37, p <01, 
in run; F = 7.76, p <.01, in goal; F = 7.81, 
p < 01, in total. Differences due to E 
did not approach significance. Of major 
interest in Fig. 1 is that, as was expected 
on the basis of previous findings (Capaldi & 
Lynch, 1967), all groups had reached 
asymptotic performance by this point in 
training. Thus, in terms of evaluating the 
NCE, providing Groups SM and SS with 
45 rather than 30 trials (corresponding to 
the number received by Groups TSM and 
TSS rather than Groups NTSM and NTSS) 
made no practical difference. 

Phase 3.— Figure 2 shows the speeds of 
the six groups in blocks of 4 trials over the 
20 trials of Phase 3 in total. With a single 
exception, curves for the start, run, and 
goal sections resemble 
in Fig. 2; the exception being, as will 
become clear, that the size of the NCE 
increased from start to goal. 
in Fig. 2 that the difference between ( 
SM and SS was ne 
Was considerably | 
Spaced trials, | 


exactly those shown 


It can be seen 
sTOUPS 
gligible, that the NCE 
arger at massed than at 


that TS training merely 
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reduced the massed trial NCE pt NCE. 
pletely eliminated the spaced is shows 
that the spaced trial NTS ciae that 
only a fragile NCE, and, w the 
Group TSM showed a larger C 
Group NTSS. 

An analysis over the 2 jue to 
indicated that while differences EF Q, 48 
were not significant in start, scant in 
= 2.89, p < .05, they were SES 1671s 
run, goal, and total, F (2. 2) "id F= 
p < 01; F = 1640, p < 01 oe ITI X 
21.36, p « .01, respectively. ant in starts 
PT interaction was not significant 9 signi 
F (2, 48) = 1.33, p > .05, Imt pi? 48) 
icant in run, goal, and total, j A 
= 11.82, p < 01; F = 6.67, P <: 

F = 8.27, p < .01, respectively. ^“ gub- 
differences approached significano g that 
sequent Newman-Keuls tests indien PSM 
in run and goal but not start. € TOUP d 
differed significantly from all eed 
Group TSM also differed sigaiie c ] 
all other groups in run and EU "phus: 
other differences were aigniifican” ip T55 
considering all 20 trials neither "d 

nor Group N'I showed an NC parate 

Each trial block w: analyzed "s if qrii 
The analysis on the second block 


20 trials of Phase 5 


rou ps 
. from 
0 


y. 
ils 


> in © x L4 


Mean Total Speed (1/sec.) 


: " S Is 
Blocks of 4 Tria 
of fou po 
) trials of 
m 


ac 
r -ks 

Fic. 2, Speeds in total in a 

each of the six groups on the 4 
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Save results highly similar to those reported 
above with one major exception: Sub- 
sequent Newman-Keuls tests indicated that 
Group NTSS showed an NCE and differed 
A Group TSS in goal and total, not 
eid Or run. At massed trials, then, the 
NCE extended into the run section, in- 
prided Groups TSM and NTSM, and was 
pyonstrable employing all 20 trials. of 

i erg 3. At spaced trials, however, the 

NCE occurred only in goal, did not occur in 

ally ISS, and was demonstrable statistic- 
Y only on the second block of trials. 


DISCUSSION 
Since 

Made pp * - x s 
ade, |] did not influence speed of running 


either į 
e eye te 
ri or 3, differences between 


massed versus spaced trial groups 
ation putriluried exclusively to the general- 
eg. gr ecrement | ssociated with cach Et, 

“o ete Tt is not unusual to find, as 
i ds acquisition performance is relatively 
rri to acquisition Uri (see Lewis, 1956). 
he in; 5 of the variables manipulated here, 
h Aor findings were that the NCE is 
ang a nd j sed than at spaced trials, 
| AS ass w hile IS training reduced the NCE 
“Ssed trials it eliminated the NCE at 
These results suggest that the 
of generalization decrement 
each of the four stimuli 
rd reduction phase was 
RUD can = SRS 5 Sm > Si, The specific 
hs deri "Parsons from which this conclusion 
Urang ved are listed below. The active 
ard m generali ition decrement a the 
ia Sr. wi uon phase were: for Group ? 


May be 


Z 


tela trials, 

ü yc e amount 

late : 

Dresa Cd with 
Se E 

oll lin the re 

bro, 9 Ws, S 


and S"), for Group TSM (S! 


won Ys à à 
Sy, 9up NTSS (5f, S") and for Group 


tty, Ning ç- This becomes apparent by 
yelp NT roup TSM (SF and S') versus 


M Sourc SS (S™ and S). Both groups had 
q “ec ; 
K wd st; Of generalization decrement and 
WET in (I Common, Since the NCE was 


lepari] Youp TSM than in Group > QH 
à follow; that more generalization 
ius UD TN occasioned by SF than by s. 
Ds ip > (8) failed to show an NCE. 

ch 19 revious investigation pem 
an NOD, Sf acting alone faile to 
» NCE. Given the absence of an 
NEL. (S*) and the relatively 
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rge NCE in Group TSM (S! and SF), the 
data strongly suggest that SF constituted a 
much more powerful source of generalization 
decrement than Sf The NCE was larger at 
massed than at spaced trials, then, in part 
because S" constituted a relatively powerful 
source of generalization decrement. Put 
differently, the NCE was larger at massed 
than at spaced trials not merely because there 
is at least one additional source of generaliza- 
tion decrement at massed trials (SV), but also 
because this source of generalization decrement 
was more potent than that associated with 
either of the spaced trial sources (Sí or S7). 
Generalization decrement associated with Sr*.— 
While more generalization decrement was 
ociated with SP than with S^, the data 


a 
suggest that some generalization decrement 
wa ociated with S^. Thus, at spaced trials 


when the generalization decrement associated 
with S'* was operative (Group NTSS) a small 
NCE occurred in the goal section, whereas 
when this source of generalization decrement 
was not operative (Group TSS) an NCE did 
not occur. 

Generalization decrement associated with S!.— 
The absence of an NCE in Group TSS suggests 
that either. quite weak generalization decre- 
ment was associated with S' or none at all. 
For reasons given elsewhere (Capaldi et al.. 
1971), the former alternative is preferred here. 
There are reasons for assuming that while S' 
contributes to the NCE, under the particular 
experimental conditions employed in this 
investigation, that contribution went unde- 
tected. By way of example, if in this 
investigation small reward had been one pellet 
rather than two, S! may have been more 
intense and an NCE might have occurred at 
spaced trials despite TS training. EO 

Generalization decrement associated with S®*, 

-In Phase 3, the speed difference between 
Groups NTSM and TSM (these groups 
differed on the basis of SBS and S") was much 
larger than the speed difference between 
Groups NTSS and T (these groups differed 
only on the basis of S"). Accordingly, the 
data suggest that SES substantially coritrsbnted 
to the NCE. It would seem that since the 
difference between Groups NTSM and TSM 
was so large in relation to the difference betw een 
Groups NTSS and TSS that sim iisk: kaye 
constituted not merely an additional source 
of generalization dec ement, but a more 
powerful source than S Accordingly, R 
would appear that in this investigation more 
generalization decrement was associated with 
either of the diminishing stimuli (S! and E Sj 
than with either of the ITI -independent stimuli 
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(S! and S^). Indeed, assuming Hat sf 
contributed little to the NCE (no NCE in 
Group TSS) it can be seen that, since the size 
of the difference between Groups NTSM and 
TSM (due primarily to SRS) was about as 
large as that between Groups TSS and TSM 
(due to SF), SRS contributed about as much 
generalization decrement as SF. -— 
Are the relative amounts of generalization 
decrement which were found to be associated 
with SF, SRS, Sf, and S" peculiar to the specific 
experimental conditions employed here , OF 
will these relationships prove to be similar 
under other experimental conditions? In 
certain cases it seems possible that relationships 
somewhat but not totally unlike those reported 
here might be found. It might be assumed, for 
example, that in the reward reduction phase, 
frustration is an increasing function of depriva- 
tion. If this were so, then as deprivation 
increased more generalization decrement might 
tend to be associated with SF than with SRS 
and with Sf than with Sm, In many cases, 
however, it would seem that variables which 
increased or decreased the amount of general- 
ization decrement associated with one of the 
four stimuli would have the same directional 
effect on the remaining three stimuli. For 
example, the smaller the reward in the reward 
reduction phase, the greater might be SF and 
S (e.g., Amsel, 1958) but also the greater 
would be the generalization decreme| 
ated with SPS and S™ (e.g. Capaldi & Lynch, 
1967). Note, however, if the ITI were reduced 
below the 3 to 5 min. employed here the amount 
of generalization decrement associated with SF 
and S"5 would presumably be increased, 
operation, of course, would have no effe 
the generalization decrement associated with 
S! or S™ at the 24-hr. ITI. Thus it seems 
likely that the finding obtained here—that the 
àmount of generalization decrement associated 
with Sf and S% is quite minor in relation to the 
amount of generalization decrement associated 
with S" and SRS—is general. The major 
sources of generalization decrement and thus of 
the NCE then would appear to be associated 
with the exclusively massed trial or diminishing 
stimuli (SF and S88) and not the ITI-independ- 
ent stimuli (Sf and Sr). This is indeed an 
ironic development in as much as the role of 
SF and SRS in producing the 
previously recognized, 
Bower (1961) 
accepted by 
the NCE indi 


rew 


nt associ- 


This 
ct on 


NCE has not been 


suggested a viewpoint, since 
many, that phenomena such 
cate that the effects of 
ard magnitude 


as 
a particular 
are not absolute but con- 


E. J. CAPALDI 


have 


textual. Capaldi and Lynch (1967) E 


suggested “Contextual hypotheses mms 
common the proposition that several er 
magnitudes in combination generate Ede 
not generated by the separate aime 2 the 
tudes [p. 226]." Since small reward 1 Ae 
absence of large reward would not PEE 
either SF or Sf, there are clearly "gen rs 
stimuli. On the other hand, S"? an stel 
are absolute stimuli. Just as Bower sopen 
that the NCE is an exclusively uri 
phenomena, Capaldi and Lynch suggeste etit 
the NCE is an exclusively absolute phenom the 
Both views seem too extreme, That it may l 
hypothesis outlined here suggests that i olute 
not be a matter of contextual versus a ies ol 
hypothesis but rather the respective E solute 
contextual factors (SF and Sf) and abs mena 

factors (SÈS and S^) in regulating pheno! l 
such as the NCE. 
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The Ss were required to indicate 
same common object. On each trial, 
right or left visual field, and after an in 
or 4.0 sec., the second picture was 
The two pictures were phy 
of the same 
ent objects (a negative response) 
response. The functions relating 
difference between name- 
obtained when letters 
No difference was found between the fu 
of both pictures in the left vi 
However, a significant diffe 


Rea 


and identity- 


rence was ob 


presented in a different field—v 


Several experiments in which Ss were re- 
‘Wired to make comparisons between two 
Stimuli have been described by Posner and 
,_itchell (1967). In one variant of such 
tasks, Ss were required to indicate whether 
4 not two letters had the same name, and 
pacten. time (RT) was recorded. There 
re two distinet types of positive responses 
ih May occur in this task: those in which 
„€ two letters are physically identical (an 
atch) and those in which the two 


entity m 
tters are 


lla not identical but have the same 
boe, eg, a and A (a name match). 
th Sher and Mitchell have hypothesized that 


dine’ two positive matches are based on 


ide “rent underlying processes, namely, that 

3i " = " - 

top ty and name matches are based on 
lDar; ; i 

re ,Darisons of spatial and verbal stimulus 

es ehtations, respectively. A negative 

Con, SC is also supposed to be based on a 

Simi, ison of names and is therefore quite 

“ to the name- 


matching process. 


Y iy gare was conducted. at Stanford Uni- 
thor s aboratory of R. c. Atkinson, whom 
es Vishes to thank for his assistance with all 
Simi experiment. "Thanks are also due to 
R ) who offered constructive comments 
Nuscript, 


ests f, Or re 


prints should be sent to Roberta 
’ Who is now at the Department of Psy- 


Qag 

“aie SY, S 

forni gx Versity of California, Santa Barbara, 
t 93106 


439 


ROBERTA L. 


conditions—both pictures presented in th 
re compared. 
context of a cerebral hemispheric capacity: 


VISUAL AND VERBAL CODING OF LATERALLY 
PRESENTED PICTURES! 


KLATZKY ? 


"niversity 


whether or not two pictures represented the 


the first picture was presented in the 
terstimulus interval (ISI) of .1, .5, 1.0, 


presented in the right or left visual field. 
sically identical (an identity match), representative 
object but not identical (a name match), or re 


presentative of differ- 
ction time (RT) was recorded for each 


mean RT to ISI and functions relating the 


match RTs to ISI conformed to those 


are used in a similar task (by M. I. Posner, in 1970). 


inctions corresponding to presentation 


al field and presentation of both in the right field. 


tained for each response when the two 
e same visual field and each picture 
This result was discussed in the 
-sharing hypothesis, 


The hypothesis of Posner and Mitchell 
(1967) just described has received extensive 
empirical support (for a review, see Posner, 
1970). Posner and Mitchell found that 
responses to identity matches were ap- 
proximately 70 to 100 msec. faster than re- 
Sponses to name matches, showing that Ss 
can in fact process identical pairs of stimuli 
much faster than those which 
ceptual rather than physic: 
addition, several studies 
Posner, Boies, Eichelman, 
Posner & Keele, 1967) hav 
advantage of identity m 
matches rapidly diminishes as the interval 
between the two stimuli increases. In 
general, this advantage decays to zero over 
an interval of about 2 sec. (Posner, 1970), 
This result appears to support the spatial 
verbal matching hypothesis and to indicate 
that identity matches are made with much 
more difficulty as the spatial information 
necessary for matching on a physical basis 
decays. 

The exact nature of the visual 
as the basis of identity matches j 
open to question. llowever, it seems cle 
that this visual code is of a higher leve] of 
processing than a Sensory trace of visual 
information (Posner, 1970). Variables such 
as luminance and exposure duration, 


have con- 
iM identity. In 
(Boies, 1969; 
& Taylor, 1969; 
e shown that the 
atches over name 


code used 
S somewhat 
ar 


and 
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the interpolation of a noise field between the 
stimuli seem to affect both name and iden- 
titv matches equally. These results indi- 
cate that "the basis of [an identity] match 
is not the trace of the stimulus, but the 
activation of an abstract code which serves 
as an internal representation . . . of prior 
visual experience [Posner, 1970, p. 95]." 
The hypothesis that the letter-matching 
task just described varies in its spatial and 
verbal components has implications for the 
cerebral hemispheresinvolved. Specifically, 
the left and right hemispheres of the brain 
are known to be functionally asymmetrical 
(e.g., Bryden, 1965; Kimura, 1966; Sperry 
& Levy, 1970). The left hemisphere has 
been described as a verbal, analytic pro- 
cessor of information, and the right hemi- 
sphere, in contrast, has been characterized 
as a spatial, holistic processor. Moreover, 
differences in hemispheric processing have 
been studied in experiments that use RT as 
the dependent variable (e.g., Egeth & 
Epstein, 1972; Filbey & Gazzaniga, 1960; 
Geffen, Bradshaw, & Wallace, 1971 jKlatzky 
& Atkinson, 1971). These experiments 
take advantage of the connections between 
the retina and the brain of human beings; 
namely, stimuli presented in one half of the 
visual field are directed to the contralateral 
hemisphere of the brain. Thus, when the 
stimulus duration is short enough to pre- 
clude eye movements, it may be assumed 
that information presented in the left visual 
field is transmitted to the right hemisphere, 
and vice versa. 

In general, two hypotheses may be used 
to associate differences in hemispheric pro- 
cessing with differential RT for presentation 
of information to the right and left hemi- 
spheres of the brain. When RT to visually 
presented information is shorter for presen- 
tation in one visual field than the other, one 
hypothesis stipulates that the hemisphere 
contralateral to the field of presentation as- 
sociated with the shorter RT is responsible 
for. processing the presented information. 
This hypothesis assumes that when infor- 
mation which is directed t 
must be processed by the 


mation is transferred bet 
spheres, 


Alternati 


0 one hemisphere 
other, the infor- 
ween the hemi- 
Producing an increment in RT. 


vely, differential RT may be ex- 
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plained by assuming that both liess 
process the information, but the hemisp x 
associated with the shorter RT is pe 
specialized for the processing task Te 
therefore more efficient) than the 9 
hemisphere. ; 
If ie bases of identity and name matche 
in the task of Posner and Mitchell T e 
are in fact spatial and verbal Der pe 
spectively, it is quite possible that th 


ifferent 
types of matches are performed s Agent 
hemispheres. ‘That is, one would S poe 


that the spatially superior right bine 
would perform the identity matches pr 
verbally superior left hemisphere brem 
perform the name and negative 6 
Data supporting such a hypothesis ^2 
reported by Cohen (1972), who usec 


sing 
as 


ess differences in hemispheric proce f 
in a task based on that of i cn 
Mitchell. In her experiment, two jë 
be compared were simultaneously Pe jen 
in either the right or left visual es , differ” 
found that for right-handed 55 : entity 
ence between RTs for name anc fe-hemi- 
matches was less for right-field je m. 
sphere) presentation than for This $ 
(right-hemisphere) presentation: | on te 
precisely what would be predicts, give? 
basis of known hemispheric capacit! name 
the hypothesis that identity d vet 
matches are based on spatial A y. Tu 
stimulus representation, respec Ve 7 jenti”? 
is, Cohen's data indicate pot 
matches are performed by the Te ma 
perior right hemisphere, and wet yeri 
are performed by the verbally SU! 
hemisphere. Ss ; 
In the present experiment, oral E 
quired to compare two temp 
rated stimuli, each presented 
right visual field. Each + 


elc, a 


ing 
ne co 


. a D 
series of trials of the op 
First, a picture representing 


. Ee " ra c 
object (Stimulus 1) was late? 1,5 (s 
NU" 


for 180 msec.* After a delay 9" 


50 
= :ons of 1? 
* In general, stimulus durations er t 


; : tsp OF jo! 
are used in laterality studies 11 Adi durat? 
movements; however, studies © ji th ex! 
than 150 msec. tend to be in acc 


pretesting indicated some 
5 : POS. 
perception at shorter expost 


4.0 sec., a second picture (Stimulus 2) was 
Presented for 180 msec. The presentation 
of the second stimulus was also lateral, and 
the stimulus could appear either in the 
Same position as the first stimulus or on the 
Opposite side of the viewing area. The S 
Was required to make a positive response if 
Sumulus 1 and Stimulus 2 represented the 
Same object (eg, a dog), regardless of 
Whether or not they were identical or 
Occupied the same position in the visual 
field, and a negative response if the two 
sumuli represented two different objects. 
action time, defined as the interval be- 
tween the onset of Stimulus 2 and S's re- 
Sbonse, was recorded on each trial. 
In the present experiment, as in that of 
sner and Mitchell (1967). two types of 
ee responses could occur: identity 
i á Ches, in which the two objects were 
Pod ile and name matches, in which the 
not objects had the same name but were 
physically: identical. Thus, this article 
Provides an extension of the letter-com- 
Parison studies to the case of less familiar 
Picture stimuli. ‘This study also investi- 
me ghiecus of lateral presentation of the 
0) cad to be compared. l'hese effects are 
de mae First of all, a comparison aes 
dot] ane between RT for presentation of 
! Stimuli in the left visual field and RI 
1j, Pehofiel presentation of both stimuli. 
Comparison provides a means of in- 
oai hemispheric asymmetries in Ps 
Dossipy etching ta dn addition, it is 
“hich M to compare RT for the case 5 
‘ame the two stimuli are presented in the 
Ng} “sual field (i.e., both stimuli in the 
“se Held or both in the left field) with the 
"p n which Stimulus 1 and Stimulus 2 
Nay, " 2 Opposite fields. This comparison 
Parison, used to assess differences in com- 
he Sam between two stimuli presented to 
nly, nis hemisphere and stimuli which can 
sheer ,COMPared after interhemispheric 
Mess Mas occurred. Finally, because the 
| teg s between the two stimuli to be com- 
ai D 35 varied in the present experiment, 
hi ie to investigate changes in RT 
Me, p Cllects of lateral presentation over 
“CCordance with changes in the rate 
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iT 


VISUAL AND VERBAL CODING 


441 


of identity matches which have previously 
been found (e.g., Posner et al., 1969). 


METHOD 


Subjects.—The Ss were 10 female students associ- 
ated with Stanford University for the summer 
quarter, 1971. All Ss were right-handed, native 
speakers of English, and had either 20:20 visi 
vision corrected to 20:20 by contact len 
were paid $2.00 for each experimental 

Stimuli.—The stimuli used in 

were pictures (drawings) of famili: 
dog, snake, lion, ete.). Each picture 
mately 1j in. in diameter. Eighteen objects were 
represented in the pictures, and for each object there 
were 3 stimulus representations (e.g., 3 different 
snake pictures, 3 dog pictures, ete.), for a total of 54 
pictures. 
Each stimulus was mounted on a 9 X 6 in. white 
card so that the center of the p as located 
1$ in. to the right or left of the center of S's viewing 
area and equidistant from the top and bottom (i.e., 
the near edge of the picture was 1 in. from the center 
of visual field). For each stimulus, two cards 
were composed with the picture to the right of the 
center of the viewing area, and two cards with the 
picture to the left. 

Apparatus. ie apparatus consisted of a three- 
field Iconix tachistoscope and exposure box, The 
stimulus presentations were controlled by E, who sat 
opposite The S placed her head against a head 
mask with her chin on a chin rest and looked into the 
exposure box. The viewing distance was approxi- 
mately 30 in. for each field. Thus, the near edge of 
each stimulus was approximately 2° from the center 
of S's visual field. 

On the table in front of S were three telegraph keys 
arranged in an arc with the centers separated by a 
distance of 1.5 in. The S rested her arm on the table 
and depressed the keys with her forefinger. One- 
half of the Ss were randomly chosen to use the key on 
the right for a positive response and the key on the 
left for a negative response, and the remaining Ss 
used the reverse procedure. Each S was instructed 
to depress the center key until she was ready to re- 
spond, so that her hand position was not biased. in 
favor of either of the response keys and, by observing 
S's hand, E could insure that this instruction was 


followed. , . 

Procedure. -Each S participated in à practice ses- 
sion and eight test sessions of 128 trials each during 
an 1-day period. Within each session, the inter- 
stimulus interval (ISI) was held constant over blocks 
of 8 trials and changed after cach block, and no ISI 
was repeated until all other ISIs had been used in 
intervening 8-trial blocks. I he sequence of ISIs was 
arranged according to a Latin square design over 
sessions and Ss, and S was told which ISI would be 
used before each block of 8 trials. Within each 
session, the sequence of ISIs was held constant. 
Three practice trials preceded cach session; the ISI 
used for these trials was the same as the IST used 
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2 b amed 
At the start of each session, 5 view ga an ber. 
"59 all the pictures. Each trial consisted of — button 
E - "sed a stal 
© identity Match sequence of events: (a) 5 pre one F iai. (b) A 
© Nome Match which she held in her nonresponc di in the center 
700 wr Beach 7 black dot on a white ground appearet Us sd on the 
of S's viewing area for 1 sec., and 5 ote on 
dot. (c) The card containing Stimulus L ^) The 
L the screen for a duration of 180 iris: «ed for'sh 
f id stimulus vanished; the black dot eni (e) The 
z .5, 1.0, or 4.0 sec. ; and S fixated on ep 180 msec: 
= dot vanished and Stimulus 2 ajame n key for à 
& 600 (f) Using her response hand, S prr the same 
positive response if the two stimuli hi x the negá- 
name , represented the same object) T if she ha 
tive key if they did not. (g) E informed nulus cards 
550 made an error and then inserted the pee trials was 
for the next trial. The interval betwenn block an 
approximately 15 sec. within an eight-tri 
605 ff 30 sec. between blocks. 
Kod 30 4.0 ; 
ISI * 
S) Users REsUI 
Fic. 1. Mean RT as a function of interstimulus eo m Bess yeriment are 
interval (ISI) for each response condition (identity lhe principal data of this eel nds. The 
match, name match, and negative), averaged over Ss mean reaction times in milliseco 5 onse? 
and hemispheres of presentation and test. data analysis includes correct a te exe 
ate of. 5 
only; however, the error rates fo ange ove 
: " : i : a A > with a re 
during the first 8-trial block. The S responded with periment were quite low, with : f1 o. i: 
her right hand for half of each session and her left Ss of 6% to 3.2% and a mean o sion an 
hand for the other half, and the order in which hands addition, data for the practice em ich PIO 
were used was also cou ala er sessions a "n ials wh 
bs so counterbalanced over sessions and for the three preliminary mies S excluded ' 
š ? x T PP rere als é 
i The variables, namely, type of response (positive ceded each test ESON bs pus average 
identity match, positive name match, or negative), from the analysis. The data € 505 becav® 
field of Presentation of Stimulus 1 (left or right), field over right- and left-hand response i was 
of presentation of Stimulus 2 (left or right), and ISI the mean difference between hat ter by 
(1, -5, 1.0, or 4.0 sec.), were arranged in a factorial quite all (with the right han fas sared 
design for a total of 48 different trial types. Foreach 4 Stal with the vig d there app" the 
session, within each ISI, each type of positive trial «t! average of 8 msec.), uae hand ¢ 
occurred equally often, and Positive and negative to be no effect of responding i ag 
trials occurred equally often, and the types of trials results. | fol owi”? 
were randomly mixed. Within the constraints that the en 
r es SUE 2 ibi results, preso, 
each picture was used as Stimulus 1 approximately In describing e d: The term ol n 
equally often and those constraints imposed by the Conventions are adopted : of the i fer? 
type of trial, the specific pictures used on each trial tation” refers to that phase . "test. re 
were randomly chosen. Which Stimulus 1 is presentec ; 
of 
TABLE 1 ree 
Eger a M : 
CTION TIMES, AVERAGED OVER ALL INTERSTIMULUS INTERV Cow ects | Z 
ATION AND TEST HEMISPHER: EACH RESPO CONDITION, E 
EACH Group or SUBJECTS — 
s = ee ae 
Pres | AIL Ss | Yes-on-right S+ Yeaemm a d 
Presenta- | | ght f ati” 
Mon Bemis | EE EE a at aa m - c i 
phere | sphere denn. | ae | "E | | ity | Noch pe 
y ? e 7 "a Ide; | i lentity atc | 
— [V mesh | man | Neue Tieni | Name | sogaive | ent | mate | “e 
Right —— = Wb 69D | 0 
Dh |n 631 628 | 529 572 | 577 | 626 | 708 | 65 
Left | Right 630 615 | 3486 552 379 662 | dos | 6€ 
Right | [ef $5 | 626 | si | 563 | 3732 | 638 708 | 
| | 630 624 | 492 552 564 651 = em adi 
A je 
Note.—Respons z b — | 
esponse conditions are identity match name match, and ne gative; and § groups are ye“ on-righ | 
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T T T T 
700 
IDENTITY MATCH NAME MATCH NEGATIVE 


LII 
MEAN OVER RESPONSES 


650 
v 
E 600 
ra 
= 

550 

PRESENTATION 
AND TEST 
© - SAME HEMISPHERE 
500 O - OPPOSITE HEMISPHERES 
1-114 4 LL 
13510 *0 (510 40 1 510 *0 1531 zo 
ISI (sec.) 


Mean RT as a function of interstimulus interval (ISI) for each 


response condition (identity match, name match, and negative) and the mean 
over responses, for presentation and test in the same hemisphere (closed circles) 
and opposite hemispheres (open circles), averaged over Ss. 


ti x 
? m Stimulus 2 phase of the trial i "field" 
sq 0 the visual field (left or right) in 
à 2 stimulus is located; and “hemi- 
: refers to the hemisphere to which a 
us IS directed. (Thus, the terms field 
lemisphere may be used somewhat 
eh aca with left field correspond- 
1 mb hemisphere and right field to 
; in iere.) Ta addition, the four 
pi of presentation and test are re- 
Stim y as the hemispheres to which the 
are directed. Specifically, the con- 
Cnt to rue presentation and test stimuli 
lio, a eft hemisphere (left-left), presenta- 
Shera 4, test stimuli sent to right hemi- 
Sent to (right tight), presentation stimulus 
"ghi eft hemisphere and test stimulus to 
fatio s isphere (left-right), and presen- 
[5st sti mulus sent to right hemisphere and 
fy "mulus. to left hemisphere (right— 


Fig 
of Igi re à Presents mean RT as a function 
: no response condition (identity 
of "€, da tds match, and negative). In the 
tesen 4 are averaged over Ss and fields 
_ tion and test. Thus, the data of 
fig he De Compared to the results which 
obtained in similar tasks in which 
pa (P Presentation and test were not 
NL Tap ener, 1970). 
"bina: © 1, RT is presented for each 
“reg 79 Of presentation and test hemi- 
"ht-right ; left-left; left-right; 


and right-left). Separate RTs are given for 
each response (identity match, name match, 
and negative). Results are presented for 
the mean over Ss and, in addition, are 
broken down into two groups of Ss: those 
whose positive and negative response keys 
were located to the right and left of the 
center key, respectively (yes-on-right Ss), 
and those who used the reverse response key 
arrangement (ves-on-left Ss). Each RT is 
averaged over all values of ISI. 

Figure 2 presents mean RT as a function 
of ISI for each response condition and 
averaged over responses, within the condi- 
tions of presentation and test in the same 
hemisphere (averaged over the left-left and 
right-right conditions) and presentation 
and test in opposite hemispheres (averaged 
over the left-right and right-left condi- 
tions). Over all ISI values greater than .1 
sec., RT for comparisons of stimuli pres- 
ented and tested in opposite hemispheres is 
significantly less than RT when the two 
stimuli are presented and tested in the same 
hemisphere (by sign test, p < .02 for each 
response). When the ISI is .1 sec., there is 
no significant difference between the two 
conditions forany response (identity match, 
name match, or negative). 


DISCUSSION 


In general, the results shown in Fig. 1 con- 
form to those obtained when letter stimuli are 
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used in a similar paradigm (Posner, 1970). Re- 
action time for identity matches is less than 
RT for name matches and negative responses 
when the IST is .1 sec. Although there is some 
increase in RTT with increasing ISI for all three 
responses, this increase is less for name matches 
and negative responses than for identity 
matches. 

A principal focus of this experiment is the 
investigation of hemispheric asymmetries in 
the matching task. According to Posner's 
(1970) theory, identity and name matches are 
based on spatial and verbal stimulus charac- 
teristics, respectively. Such matches may 
therefore be conducted by different hemi- 
spheres, namely, the right hemisphere for 
identity matches and the left for name matches 
as Cohen (1972) has suggested. This hypothe- 
sis may be investigated for the picture-com- 
parison task of the pres xperiment by 
comparing the RTs given in Table 1 for the 
right-right and left-left conditions. 

In contrast to the results of Cohen (1972), 
inspection of Table 1 reveals little evidence 
hemispheric asymmetries in the 
periment, 


for 
present ex- 
For the mean over Ss of cach re- 
sponse condition, there is no signific: 
ence between the RTs for the 
left-left conditions, 


ant differ- 
right-right and 
The reason for this result 
becomes apparent from further examination of 
the table. When Ss are separated into yes 
right and yes-on-left groups 
between the 
spect to the 


-on- 
«à clear difference 
two groups is obtained with re- 
direction of the effect of lateral 
presentation. Namely, Ss with the positive 
response key on the right show a str 
hemisphere advantage 
key on the left show 
Vantage. In fact, 
served advantage 
hemispheric effect, 
to be 


ong left- 
and Ss with the positive 
à right-hemisphere ad- 
it is doubtful that the ob- 
for each group is truly a 
Instead, the results 
effects of compatibility ; 
Compatibility of the direction of the response 
With the visual field of the stimuli. That is, Ss 
having the positive key on the right respond 
faster when the two stimuli to be compared are 
Presented in the right visual field (a compatible 
response), than when the 
the left visual field (an in 
Particularly when the 
For yes-on-left Ss, 
These visual field advant 
hemispheric advantages w 
to compatibility. In the 
responses, the effects 
response compatibility 
the Negative re : 


appear 
specifically, 


two stimuli appear in 
compatible response), 
two stimuli are identical. 
this situation js reversed, 
ages in turn suggest 
hich are actually due 
case of the negative 
of stimulus field 


are less clear: 
sponses are 


and 
however, 
made with the left 
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[ ri and 
and right response keys for uper d 
yes-on-left Ss, respectively. As a er rd 
compatibility effect might rever d ib 
tive response case, and this — Fe ) 
quite different for the two eee da m 
Compatibility effects like those « Mer 
the present experiment have been in d his 
in a series of experiments by Simor oot 
associates (c Craft & Simon, 1970; > |. 
associates (c. Hu 


1968, 1969; Simon & Craft, 1972: :a strong 
Small, 1969). They found sit east the 
stereotypie tendency to respond to us loca- 
source of stimulation, even when pisei iu 
tion is irrelevant to the Ce lie re 
When the source of stimulation anc 


nce. 
i i in eéenrrespnondenc 
sponse direction are not in correspt 


; he re- 
: ; : fores with t EA 
Stereotypic reaction. interferes W wait exper! 
T Y T « prese 
sponse, increasing RT. In the pr he pictures: 
ment, lateral presentation of t 


ask, aP” 


: hing t M 
although irrelevant to the matching ndency* 


reotypic te 
pears to produce such a stereotyp derlies 
i oun 
and this tendency apparently U 
observed compatibility effects. 


he re 
ges " ate that x 
The data of Table 1 indicate : depende? 
sponse compatibility effect is mos In terms d 
on the field of the test stimulus. 


at 
the pa a 


the presentation and test gandina ition 
tern of RTs for the right left oe Ts à 
sembles the left-left pattern. and " ose of de 
the left-right: condition resemble n not suf 
right right condition, This finding 9. i nul 
prising, in view of the fact that puce 

is presented immediately prior to e 
and its field may therefore be cae 
the greatest effect on that response. effec in 
the magnitude of the compatibility i appi thë 
when presentation and test s fields ? 
different visual fields than w a E may (qn 
two stimuli are the sume. 1! ju 

counted for by supposing that t 


iio 
"rae te era UV p S 
compatibility. ef atl whereas «iit? 


res 


ts 


, Oe 


ts are 


3 E flor ields. t n 
stimuli occupy different fic Id compar 4 a 
i nditi the two aie 
same-field condition, Dp M 
, ; same direct indi”? jic 
effects operate in the san [ 


; sour E 
` ard timulus 5? ul 
responses toward a s gr? it 
TU e 
ki he twe on T 
; between t TL 
+ An additional ditlerence be 


š E ach group. 
is that of the mean RT for each 81975. 


$ 
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Ss have a greater mean RT than 7 
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such that four out of five Ss in t Ss, d 
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There is no obvious reason for t s that we bad 
RT, but the distribution suggest for t 
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markedly reduced 

Competing stimulus 

Che effects of stimulus field and response 
compatibility appear to negate any effects of 
hemispheric function on RT that might other- 
Wise be observed in this experiment. Com- 
Patibility affects not only the functions relating 

RT to ISI for each response condition, but also 
the functions relating the difference between 
identity- and name-match RT to ISI. Aver- 
aged over ISIs, the RT difference for com- 
Patible responses (i.e., the average of the left- 
left condition for yes-on-right Ss and the 
"ight-right condition for yes-on-left Ss) is 65 
msec., and this may be compared to the ave 
age difference for incompatible responses (i. 
the average of the right-right condition for 
Yes-on-right Ss and the left-left condition for 
Yes-on-left Ss) of 44 msec. Thus, the difference 
tween RT for name and identity matches is 
Steater for compatible than for incompatible 
responses, This result occurs not only for the 
Means over ISIs, but is also found separately 
9r cach ISI. Apparently, this occurs because 
Compatibility affects identity-match RT more 

an name-match RT, causing a greater differ- 
Ence between the two RTs for the compatible 
responses. Again, the relatively greater effects 
of compatibility appear to outweigh any 
lemispheric effects that might otherwise be 
Ound, 

A second laterality effect examined in this 
EXDeriment concerned with the role of 
Dterhemispheric transfer in information pro- 
“essing, When the two stimuli to be compared 
Ire presented to different hemispheres, it is 

Car 


by the introduction of a 


Is 


ison can take place. Such interhemi- 
Stin c transfer need not take place if the END 
Rel are directed to the same hemisphere. 
i interhemispheric transfer of the 

li could affect stimulus quality and or the 


ba tion of By com- 


St 
0 
the processing system. 
RTs for comparisons of stimuli 
to the same and different. hemi- 
^5 dC should be possible to assess the 

y Pas stimulus transfer on the comparison 
do vie The relevant data, presented in Fig. 
one Suggest that transfer of information 
` Yemisphere to another hasa degrading 
that information. In fact, at ISI 
than 1 secs RT for 
and test of the two stimuli in 
“Senta Jemispheres than for same-hemisphere 
Signin ee’ and test. Tt fs dificult to explain 
ANE effec of identical versus oppo- 


is less 


lon 


"^" 
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site hemispheres of presentation and test at 
ISIs greater than .1 sec. in terms of retinal 
fatigue, since the difference appears with ISIs 
as great as 4.0 sec. (However, at an ISI of .1 
sec., factors such as masking, fusion, or ap- 
parent motion may have a substantial effect on 
response latency.) The data of Fig. 2 therefore 
suggest that under some conditions, presenta- 
tion of two stimuli to different hemispheres 
facilitates comparisons of those stimuli. 

The finding that presentation and test of 
information in opposite hemispheres may facili- 
tate response speed is somewhat surprising, but 
not novel. Davis and Schmit (1971) con- 
ducted two experiments designed to explore the 
effect of interhemispheric transfer on informa- 
tion analys Ss were 


In their experiments, Ss 
required to indicate whether or not two simul- 
tancously presented stimuli (each consisting of 
the digit 1 or 0) were identical, and RT was 
recorded. Either both stimuli were presented 
to the same hemisphere (the right or the left) or 
cach stimulus was presented to a different 
hemisphere. They found no difference in RT 
for right- versus left-hemisphere presentation: 
however, RT was approximately 20 msec. 
faster for presentation of the stimuli in different 
hemispheres than for same-hemisphere presen- 
tation of the digit pair. These results are in 
agreement with the data of the present experi- 
ment. Davis and Schmit suggest that their 
results may reflect a refractory effect in the 
same-hemisphere condition. Specifically, if 
stimulus analysis may be done equally well by 
both hemispheres (as suggested by the absence 
of a right- vs. left-hemisphere effect), two 
stimuli arriving at the same hemisphere could 
both be analyzed in that hemisphere, producing 
interference between the two analyses. Such 
interference could cause an RT increment for 
the same-hemisphere condition. However, this 
hypothesis cannot account for the data of the 
present experiment, since the use of 
simultaneous stimulus presentation means that 


non- 


the two pictures to be compared arrive at the 
hemispheres at different times. This would 
seem to preclude a refractory effect of the sort 
described by Davisand Schmit because analysis 
of the first stimulus could occur during the ISI, 
especially at an ISI of 4 sec. 

Other experiments provide further evidence 
for a facilitative effect of stimulus presentation 
in different hemispheres. Dimond (1970) has 
found that when two visual stimuli, 
directing the response of a single hand, 


each 
dre 
presented to the same hemisphere (via differen 


eves), response latenev is much greater than 
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when the two hands receive directions from 
different hemispheres (via different eyes). 
Also, report accuracy for word pairs appears to 
be greater when the two words are projected to 
different hemispheres than when the two words 
are projected to the same hemisphere (Dimond, 
1971). In discussing these results, Dimond 
(1971, p. 185) refers to simultaneous presen- 
tation of two visual stimuli to the same hemi- 
sphere as a “block to function." A related idea 
is that of Gazzaniga (1970), who has proposed 
that one hemisphere may act asa reverberatory 
system while the other processes information. 
This leads to the idea that the hemispheres may 
act as a processing-sharing system, allowing 
two hemispheres to operate together more 
efficiently than one. Further evidence for 
sharing an information-processing load comes 
from an experiment by Klatzky and Atkinson 
(1971), in which the data suggested that while 
one hemisphere was retrieving and s nning 
information, the other was responsible for 
monitoring the scanning process and con- 
trolling the response, Another experiment 
which shows evidence for such sharing indicates 
that performance on a short-term memory task 
may be facilitated when the test stimulus is 
presented to the hemisphere in which initial 
Storage was weaker (Klatzky, 1972). 

The idea that the two hemispheres may act 
as an integrated processing system may provide 
an explanation for the data of Fig. 2. When 


two stimuli are presented to different hemi- 
spheres, 


the system may operate more effi- 
ciently than when the stimuli reach the same 
hemisphere. Even when the interval between 
the two stimuli is relatively long, the first 
stimulus must be actively retained in memory 
in order for comparisons to be made, and 
processing is facilitated by presentation of the 
Second stimulus to the hemisphere which did 
not directly receive the first stimulus. Such a 
hypothesis can account for the fact that RT for 
Comparisons of stimuli presented to different 
hemispheres is less than RT for comparisons of 
stimuli presented to the same hemisphere, 
The finding that RT for comparisons be- 
tween two stimuli is less when the 
presented at different loc. 
ent hemispheres) 
identical (i.e., same-hemisphere 
and test) does not nece. 
Sumption that ide 


pim stimulus representations, 

(1970) assumes that matches b4 
representations 
Stimulus tr 


stimuli are 
ations (i.c. to differ- 
than when the locations are 
presentation 
ssarily violate the 
ntity matches are h 


ased on 
Since Posner 
sed on visual 
r order than the 


rences in stimulus location 


are of a highe 
ace, diffe 
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A — MA 
need not impair the comparison pree 
fact, this result supports the ko . stimulus 
identity matches are not based on a a data 
trace and thus accords quite we urato 
showing that luminance, paese E feld do 
and presence or absence of a Bis S identity 
not differentially affect. name ar 
matches (Posner, 1970). ifferences be 

It should be noted that the differ the same 
tween RT for presentation and Lem P igit and 
hemisphere (averaged over epe to oppo- 
left-left) versus presentation anc VM eft and 
site hemispheres (averaged Over cine by the 
left-right) cannot easily be exp difference 18 
effects of compatibility. First, the compatible 
found when both compatible and pa in Fig. 2: 
responses are averaged together, iority of the 
In addition, evidence for the supe 5: 
opposite-hemisphere presentation s ns Y 
be found by examining the functio * 
mean RT to ISI for compatible ict 
patible responses within the oPPe* 
same-hemisphere conditions. m 

When RT is averaged over all js 
ISIs of .5, 1.0, and 4.0 sec., tlie po x 
the compatible opposite-hemsP yatible ga i 
patible opposite-hemisphere, een A 
hemisphere, and incompatible sam 


Bus seca 
conditions are 606 msec., 618 m Thus, 


incom 


a 


E and 
ses d 
"s "s for 


and 638 msec., respectively- ó 
hemisphere RT is greater chen OP ani e fret! 
sphere RT within both the COT. efft 
incompatible response omen 
is not surprising for the Hune 
because incompatibility product Ter 
crease in RT for the gampenn ce cond! 
than for the opposite-hemisp T of 
However, the facilitative die d for 
patible responses is also great rediction „js 
hemisphere condition. A i there re ne 
solely on compatibility red opp et 
same-hemisphere RT less than ible con, 
sphere RT within the 3 is actu nie f 
but opposite-hemisphere R " compa! jus? 
than same-hemisphere RI far the 
sponses, This result. support 
that the difference between 
opposite-hemisphere conditio 
pend on response compatibi 
The data of the present €? ;pherit 
used not only to assess hemisP? is 
the picture- matching task, d: 
poses of comparison with MT 
experiments in which letters 
Posner (1970) reported prm 
sponses of an experiment Y! 
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which ISIs varied from 0 t 
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pone. Comparison of that experiment 
e data of Fig. 1 indicates that the RT 
values for positive matches with picture stimuli 
are from 75 msec. to more than 100 msec. 
Seater than the RT values for letters. Part of 
this difference in RT for pictures and letters is 
Undoubtedly the effect of lateral presentation. 
n fact, the effect of lateral presentation can be 
"Sümated as 50 msec^ From this estimate, the 

iflerence between the RT values for pictures 
and letters appears to be partially attributable 
to lateral presentation. However, other vari- 
ables such as luminance of the visual field and 
Stimulus duration also differ for the two ex- 
Periments, and the residual RT difference may 
?€ the result of such factors. 1t is also possible 
that the difference between RTs for letter and 
Picture comparisons is in part a result of the 
Nature of the stimuli. Since the pictures used 
' the present experiment were more complex 
and less familiar than letters, a relative diffi- 
Culty in picture encoding may account for the 
Sreater RT for picture comparisons. 

Variables such as luminance and duration 
May be assumed to affect name and identity 
Matches equally (Posner, 1970), and there is 
‘ttle reason to suspect that the mean effect of 
ateral presentation (averaged over the right 
And left visual fields) differs for the two types of 
Matches. In fact, the finding that changes in 
Stimulus location do not impair identity 
Matches (as seen in F 2) supports the as- 
Sumption that lateral presentation need not 
eet identity-match RT more than name- 

atch RT. "Thus, when the difference between 
‘for name and identity matches is calculated 
the present experiment and similar experi- 


for 
EI 


ws, he effect of lateral presentation on RT may be 
in Ed by comparing. the data of two experiments 
(ie, hich the same pictures were used as stimuli 
Ay atzky & Atkinson, 1971; Klatzky, Juola, & 
fi, Son, 1971). In both of these experiments, 5 
Preso Cmorized a set of letters. Y picture was then 
leu. Med, and S indicated whether or not the first 


Eins en name of that picture was contained in 
m ls norized set. RT was recorded and plotted as 
ne. S On of the number of memorized letters. [n 
(ds periment (Klatzky et al, 1971), the picture 
T Slat, eed at the fixation point; in the other 
tally & Atkinson, 1971), the picture was 
Ns fop Presented. Comparison of the RT func- 
Y€ two experiments reveals no difference in 
its and à ditference of about 50 msee, for the 
The intercept of the RT function may be 

s 1o include the time required to encode the 
on be voce nberg, 1969) ; thus, the 50-msec. diffe 
tig Vides re the intercepts of the two experiments 
Un en 3 stimate of the effect of lateral presenta- 

ding time, 
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ments with letter stimuli (Posner, 1970), the 
data should be roughly comparable. For the 
present study, name-match RT minus identity- 
match RT is 78 msec., 62 msec., 56 msec., and 
26 msec. for ISI values of .1 sec., .5 sec., 1.0 
sec., and 4.0 sec., respectively (averaged over 
all presentation and test conditions and over 
Ss). For experiments with letter stimuli, the 
difference between name- and identity-match 
RTs usually decays to zero by an ISI of 2 sec. 

(Posner, 1970). Comparison of these results 
indicates that the function relating the differ- 

ence between name-match and identity-match 

RTs to ISI decreases more slowly for pictures 

than for letters. It has been suggested (M. 

Kinsbourne, personal communication, March 

1972) that this function may reflect the extent 

to which the stimuli are verbalized. Since 

letters are almost invariably encountered in a 

reading context, it may be difficult for Ss to 

make comparisons on the basis of the physical 

forms, especially if the IST allows a verbal label 

to be generated. This difficulty is less expected 

in the case of picture stimuli, The physical 

representation of a picture may be usefully 

maintained over a longer interval, leading to a 
slower decrease in the function for pictures 
relative to letters. 

The results of this experiment have implica- 
tions for cerebral hemispheric processing and 
for the nature of the letter-matching task of 
Posner and Mitchell (1967). An important 
finding is that presentation of two stimuli in 
different visual fields facilitates the comparison 
of those stimuli. With respect to hemispheric 
function, the facilitation suggests that by 
sharing the information-processing load, two 
hemispheres may work together more effi- 
ciently than a single hemisphere. In addition, 
the finding that presentation of two stimuli in 
different locations does not impair their com- 
parison supports the assumption that identity 
matches in the matching task are not based on 
sensory traces of the stimuli. In general, the 
present data from picture comparisons accord 
with results of similar experiments using letters 
(Posner, 1970), and those differences which 
exist may reflect differences between letters and 
ar objects. 


pictures of fami 
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INFLUENCE OF RETRIEVAL CUES AND SET ORGANIZATION 


ON SHORT-TERM RECOGNITION MEMORY ! 


CHRISTINA A, KAMINSKY axp DONALD V. DEROSA? 


Bowling Green State University 


The Ss were shown a series of six to-be-remembered items (positive set) 
composed of two subsets (letters and digits) followed by a test or probe 
stimulus, If the probe was a member of the series, Ss were instructed to say 
"yes," and "no" if otherwise. Reaction time (RT) increased with increases 
in the size of the probed subsets. When positive s were followed by an 
informative (I) cue, Ss utilized a directed search strategy and confined their 
search to only the probed subset. When cues were noninformative (D, a 
majority of Ss used a nondirected search which elevated RT and decreased 
the slope of the function relating RT to size of the probed subset. Grouping 
of subsets in the positive set facilitated RT only when accompanied by infor- 


mative retrieval cues. 


1 he present investigation was concerned 
8 


3 ! an individual's ability to retrieve 
a &anized information from short-term 
¿mory (STM) in a recognition reaction 


© (RT) situation. Most recognition 
“dies using RT as a dependent measure 
Ve used a single set of homogeneous to-be- 
membered items (DeRosa, 1969; Stern- 
te, 1966). In these studies, a short series 
Items, typically single digits, is displayed 
followed by a probe or test stimulus. 
len the probe appears, S makes one re- 
"se if the probe was contained in the 
jenorized series (positive set) and an 
"Native response otherwise. When RT 
amined as a function of the size of the 
'Ve set, it is seen to increase at a rate 
aD Proximately 30-40 msec, per unit 
l e in size of the positive set. This 
iden a taken by Sternberg (1966) as 
hs: nx Of a serial search through the 
"es Set. Furthermore, the search is 
[ned to be exhaustive since the rate of 
Kati 'S identical for positive probes and 
tm ^? Probes. If the search terminated 
Match was made, positive probes 

: 9n the average, result in fewer com- 


A 
"as reported at the meeting of 


nomic Soci 


Re Society, San Antonio, November, 
D Weg, 
V f x 
"tn Rosa. D». Feprints should be sent to Donald 
j tate q CPartment of Psychology, Bowling 


Diversity. Bowling Green, Ohio 43403. 
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parisons than negative probes since nega- 
tive probes would always require an exhaus- 
tive search of memory. 

In the present investigation, the size of 
the positive set was always held constant at 
six elements; however, the composition of 
the positive set was manipulated, in that 
positive set elements were drawn from two 
distinct categories—letters and digits. The 
positive set then contained two subsets, the 
size of which could be varied independently 
of changes in the size of the total posi- 
tive set. 

Some evidence from STM recall studies 
suggests that retrieval from STM is facili- 
tated by the organization present in the 
to-be-remembered set. Yntema and Trask 
(1963), in a dichotic listening experiment, 
demonstrated that Ss were better in re- 
calling information from two conceptual 
categories when recall was required. by 
category than by any other recall classifica- 
tion (ears or pairs). Calfee and Peterson 
(1968) found recall performance was en- 
hanced when lists of eight items were 
categorized into two sublists. "These in- 
vestigators observed that when two sets, 
each containing four items, were presented 
in a grouped or blocked arrangement, two 
four-item serial position curves were ob- 
served, each demonstrating a recency and 
primacy effect. In the present study, a 
recognition procedure will be used and Ss 
will be required to retrieve items drawn 
from two subsets (letters and digits). On 
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every trial, however, the total set size will 
be constant at six items. 

In such a situation, it is possible to 
distinguish at least two strategies which Ss 
might employ. A first strategy would 
involve examining all of the items in the 
memorized set. Six items are certainly 
within a normal S's memory span, and it is 
possible that Ss will not use the organiza- 
tion present in the input series to determine 
the presence or absence of the test item in 
memory. This strategy, termed the non- 

- directed search, would involve a search of all 
memorized items and would result in the 
absence of any relationship between RT 
and size of the probed subset. When RT 
is plotted as a function of size of the probed 
subset, there should be no relationship 
between subset size and RT since Ss would 
always be searching a set of six items. On 
the other hand, if Ss utilized the organiza- 
tion present in the positive set, they might 
be able to direct and confine their search to 
only the probed subset. This strategy, 
called the directed search, would be sensitive 
to variations in subset size, and RT should 
increase as a function of subset size in the 
same manner that is typically observed in a 
single-category condition when set size is 
varied. Therefore, the directed search pre- 
dicts increases in RT with subset size 
comparable to those observed in the single- 
category case, while the nondirected search 
would predict the absence of a relationship 
between RT and subset size. 

Che ability to use a directed search in a 
recognition task may be dependent upon at 
least two factors. First, features of the 
positive set present at input might in- 
fluence the use of a particular search 
Strategy. Calfee and Peterson (1968), for 
example, found recall performance was 
enhanced when the two categories were 
Presented in à grouped or blocked arrange- 
ment in the to-be-remembered series. An 
additional feature of this investigation will 


be use of retri i 
rieval cues following th 2- 
sent; Mini cns 


x ation of the positive set. "These cues 
rie hoe ape provide information 
ec M Drs from which the probe 

© ‘he presence of informative 
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cues may facilitate a directed search 
strategy. 

METHOD 
undergradua’ 
volunteers, who were c preis 
the experiment. Each S served in all condt 


the experiment. 1 fk 2 sound- 
Apparatus. ach S was p uli were Pre 
sadened isolation chamber. Sau «ction 

deadened  isolatio I ae) rear-project 


a wooden 


—The Ss were 16 male 
paid for their | 


Subjec 


display cells. ells ^ 
chamber, oue side of which had 


he 

: 2s e area o J 

MI stimuli were projected on the same nd one Wa 
iewing window by the use of mirrors it me 


sa 
ss. Thus, the visual display operated on thes 
principal as a two-field tachistoscope ed at " 
the stimuli from two sources to be i 
same location. The Ss were sad i coloret ight 
ing window se 
mative ar E 
letter (red lig 


3 ft. from the viewing window. 
situated directly above the view 
as cues. Two lights served as infor 
signaled that the probe would be a 
or a digit (blue light), A yellow ligh 


a i 

c cha 

arn 5 the 

: ; ; to wa ni 

noninformative cue and served only -rophone m ay 

a probe was about to appear. A micr perated je 

tored Ss’ vocal responses, and a er E pa. 
terminated the probe stimulus, 0V57 gout 


which displayed RTs to the nearest ^7 
conditions: 


ht was used 


Procedure and experimental 


letters X through H and the se 
through 8. Each stimulus in the acts 
presented for 4 see., and there WHS 57 


between the successive stimuli in the " e pe iud 
shown 4 sec, after the final item P y, the 
and remained on for A see paar don 
occurred 2.0 sec. after the cue and rem 


S responded, y 
When the probe appeared, " 

respond by saying "yes" if the 

set and "no. 


rial position of the positive se 

Three major variables were 
size (number of letters and dig 
informative versus noninformé 


l 
versus nongrouped subse ape 
f : s r exi 
two, three, or four items. | Kr ‘i 
live set contained two digit» i 


four letters. This particular i 
used to examine a subset size Mancing 
size of four as well. Counter Pa o, h 
insure that a given subset site Ns ol 
items) was represented by sf nin t 
groups of numbers equally pts 
position of the positive set, of 
For each subset size: 3o ds p 
grouped (G); the items from t 


RETRIEVAL CUES, SET ORGANIZATION, AND STM 


Presented coutiguousty the positive set. The 
remaining trials for each subset size were nongrouped 
G); the items from the probed subset were not 
Presented contiguously. 

For each subset size in both the G and the G 
Conditions, half of the trials had an informative cue 
(D preceding the probe; the eue indicated to S the 
Conceptual set. (either letters or digits) from which 
the Probe would be drawn. The remainder of the 
trials for cach subset size in both the G and the G 
Conditions had a noninformative cue (T) preceding 
in probe, \ base-line condition was also included 
r Nich each positive set contained from two to six 
items which were cither all digits or all letters. A 


noninformative cue (warning signal) preceded the 
Probe, 


A total of 


in 


3 570 dillerent experimental trials were 
'Vided among 14 lists. Two additional lists of 40 
tials each were prepared for the base-line condition. 
T8 16 lists were cach presented twice across four 
thr, Experimental sessions run on 4 consecutive 
ays. A total of 1,312 trials was obtained for each 
One day prior to the first experimental session, 
€ pretrained and pretested in a-43-min. ion, 
te E. period were similar to the experi rental 

mus he Ss whose error rates exceeded 20% in 
n were not included in the experimental 


Res 


Lone rniy analysis of the data was 
Eg mean RTs for correct responses 
Overall enas a riitely. for sagh A The 
Bs lad err rate Was 7.9 6, and Doe of the 
results ae T rates higher than 13%. The 
Which fir i d sented below in a manner in 
OF in s e the results for the two conditions 
ata a nation are shown, and then these 

de partitioned, with grouping as a 
Ne, 


LTS AND DISCUSSION 


Maio” led versus nondirected | search. —À 
Wi " question this investigation focused on 
tior Whether Ss would utilize the organiza- 
to Present in heterogeneous positive sets 
“ation litate recognition memory. Organi- 
$ to ; Present in the positive set might allow 
Dap OTM two subsets in memory, and this 
"lie ‘Honing could provide the basis for a 
. ed search strategy. The Ss might be 
9 call into active memory only the 
probed subset and confine their search 
Y that subset. On the other hand, 
eno X items were to be retained in 
Ihi. Y and this positive set size is well 
the Span of immediate memory. 
"€cognition could still be achieved 
resorting to a directed search 
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REACTION TIME IN MILLISECONDS 
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9— —* NONINFORMATIVE CONDITION 
580 O11110 INFORMATIVE CONDITION 
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2 3 4 
SUBSET SIZE 
Fig. Ll. Mean RT as a function of subset size 


in the experimental conditions and the base-line 
condition, 


strategy. A directed. search might, how- 
ever, speed reactions and would result in a 
linear relationship between subset size and 
RT. A nondirected search should result in 
an absence of such a relationship since all 
six items are examined. 

In Fig. 1, RT is plotted as a function of 
subset size. Three functions are shown in 
this figure; one represents the base-line 
condition in which set size was either two, 
three, or four homogeneous items. The 
two other functions represent data for the 
two conditions of information (I vs. I). 
For these two functions, RTs are based on 
the number of items present in the probed 
subset when sets of six items were shown 
and probed subset size was either two, three 
or four items. 

Several features of the data in Fig. 1 are 
noteworthy. First, it is clear that the 
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‘TABLE 1 


INDIVIDUAL SUBJECT DATA FOR THE [NFORMATIVE 
(I) AND NONINFORMATIVE (D 


CONDITIONS 
id P t sh 
S "rce! slope 
s | eec) | emen) | "reduction 
iu 18.5 1.5 92 
2 32.8 1.9 94 
3 19.5 3.5 82 
4 3.8 —3.1 100 
5 24.2 9.2 62 
6" 9.5 —1.9 100 
gs 17.0 38 95 
8. 22.0 32 85 
9a 38.5 —14.1 100 
10 31.9 9.1 72 
11° 19.0 45 16 
12 31.1 21.9 30 
13 112.2 97.9 13 
14 31.6 30.9 2 
15 34.2 18.1 47 
16 39.0 30.5 | 22 
x 30.3 | 134 | 67 
| 


a These Ss evidenced a major strategy shift. 


base-line or control condition exhibits the 

typical relationship between set size and 

RT. RT increases at a rate of approxi- 

mately 30 msec. per unit increase in set 

size. For this condition, subset (set) size 

was highly significant, F (2, 30) — 32.29, 
p < .001. Also, only the linear component of 
the variance attributable to subset size was 
significant, F (1, 15) = 87.90, p < .001. 
The linear regression line of best fit for the 
base-line condition is RT = 550 + 29,5 
(X). A major aspect of Fig. 1 is the fact 
that the I cue condition produces essentially 
the identical function as the base-line con- 
dition. As was true for the base-line 
condition, the overall effect of subset size 
was highly significant, F (2, 30) = 24.51, 
b «.001. Again, only the linear com- 
ponent of the subset size variable was 
significant, / (1, 15) = 26.61, p < .001. 
The linear regression line for the I function 
is RT = 560 + 30.3 (X). The I and base- 
line conditions do not differ significantly, 
F (1,15) = 2.55, p > .05; nor is the inter- 
action between these two conditions and 
Subset size significant, /^ (2, 30) — .125, 
A Magy I cues are presented prior 
PA h uds Tee only to search the 
intercept of ela j= e im: ae 
and base-line condition 
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are essentially identical. “There 15 little 
doubt that Ss are restricting their search to 
items in the cued subset and are using & 
directed search strategy. 
The data for the T condition presents 
very different picture. This conditio. M 
markedly slower than the | and base s. 
conditions, and it also produces à mar 
reduction in slope. The equation he 13 
describes this function is RT = 693 + wae 
(X). This condition is significantly S10 E 
than both the base-line and 1 cond 
and also a significant interaction 15 chet 1) 
between types of information: (I Y Sait 
X Subset Size, F (2,30) = 12.518, P EM. 
Although the 13.4-msec. slope !5 AE ponen 


both the linear and quadratic comp si 
to subse 


of the variance attributable ; 
were significant (both ps < .01). 4 arke 
indication of the reliability of iba we 

difference in slope between the | ë 

conditions is that all 16 Ss evidence a 
reduction when T cues were present i 
as an increase in intercept. . ccoun' 

What change in strategy could bet 

for these highly reliable differences ? of i18 1 
the I and T conditions? Inspection on the 
individual S data sheds some High ence 
reason for these pronounced differ dats 
Shown in Table 1 are individu * pd 


the ox! 


comparing pe ance on 
paring performance at apP, m 
p ; 


conditions. lt is rather clear th ate 
mately half of the Ss (those ec 
superscript a") evidenced a majo i 

shift. In eight cases, individua 


a vater 
the I condition are never gre 


a 
ion : st size: © fe 
msec. per unit increase in go or m 
have a slope reduction of 79/9. is gfe f 


T $ 
Subject S; was not included !? bot "d 
since his slope was near Zero m rena! pe 
Although the fon t 

jh ‘Ss ide? 
rately ol 


and I conditions. 
seven Ss all show a slope A 
do so much less than the e's? 


xime 
above. 


It appears that cee 
half of the Ss shifted from à 


wh 
in ariv 
„tegy jt 
to a nondirected search strat Phe po $) 


cted 


they examine all six items p MEL 
set, while the remaining 29 
used some combination O^. o m 
nondirected strategy, with t 


trê n 
E „d a direc 
these Ss tending toward p n prop? | 
Grouping —It was initia y | 


e B 
a dite ity 


RETRIEVAL CUES, SET ORG: 


à directed search process might be more 
Probable when subsets were presented in a 
grouped arrangement in the input series. 
Grouped sets might result in faster RTs and 
Steeper slopes for functions relating RT to 
Subset size, Figure 2 presents data for the 
Srouped and nongrouped sets. In addition, 
positive and negative responses are also 
examined. ‘The left panel of Fig. 2 repre- 
Sents data for trials when I cues preceded 
Probes, while the right panel represents I 
. Cues trials. The solid data points are means 
°F positive trials. Finally, data points for 
Stouped conditions are connected by solid 
lines and G conditions are represented by 

Token lines. 

For the moment, attention will focus on 
the data in the left panel of Fig. 2 (informa- 
tive cue conditions). Grouped sets were 
—Teacted to approximately 11 msec. faster 
than G sets. Grouping was a significant 
Variable, / (1, 15) = 11.12, b «.01. In 
addition, the Grouping X Subset Size inter- 
“ction was also significant, / (2,:30) = 8.30, 
E « 01, Grouped sets resulted in func- 

lions having an average slope of 38.0 msec. 
Der unit increase in subset size, while the 

‘omparable figure for the G functions is 

2.5 msec. per unit increase in the subset 
Size. This difference in slope is due entirely 

9 the enhanced reactions to a probed 

"bset of two elements in a grouped positive 
‘t. A post hoc comparison of the data for 
ts of Size 2 indicated the difference 
“tween re 


! 


a bse 


: actions to G and G positive sets 
Sp Significant, F (1,15) = 27.54, p < 01. 
of War comparisons of the data for subsets 
lie in 3 and 4 were not significant. i When 
à Sligh are present, grouping results in only 
lc Sht (11 msec.) decrease in RT, and this 
Aq, ment is primarily due to the special 
two. ‘tage enjoyed by a probed subset of 
results for the T condition are 
ni (right panel of Fig. 2), grouping is 
Say Ve an inhibitory influence on 
wer id Composed of G subsets result in 
$ (20 msec.) than sets containing 

his Unexpected result is highly 
|. 13) = 47.31, p < .001. 
indication of the reliability 
'S the fact that all 16 Ss were 


aqa o F 
of thig tions 
Ind in 
g 


NIZATION, AND STM 


@—— © chROUPED-POSITIVE 
GROUPED- NEGATIVE 

-€ NONGROUPED- POSITIVE 

O NONGROUPEO- NEGATIVE 


IN MILLISECONDS: 


MIAN REACTION TIME 


INFORMATIVE CUE 


NONINFORMATIVE CUE 


SUBSET size 


Fic. 2, Mean RT to positive and negative probes 
for grouped (G) and nongrouped (G) conditions as 
a function of size of the positive subset. (The left 
panel summarizes data for the informative [1] cue 
condition, and the right panel for the noninformative 
[1] cue condition.) 


faster when G positive sets preceded the 
probe. Also, the overall reduction in RTs 
for the G sets is essentially the same for all 
subset sizes. The Grouping X Subset Size 
interaction was not significant, /^ (2, 30) 
= 712, p > Ds. 

À previous study (Calfee & Peterson, 
1968), which utilized grouping in an STM 
recall paradigm, found enhanced 
mance when items from the same 
were presented contiguously 
recalled series. 
RT task, we 


perfor- 
subsets 
in the to-be- 
In a recognition memory: 
find that grouping has only a 
slight facilitative influence when 
panied by I cues and an inhibitory effect 
when T cues are presented. 

The results for all variable 
lor positive and negative 
tive responses were signifi 
negative reactions, as is typically the Case; 
however, the type of response (positive or 
negative) did not interact with any other 
variable, 


accom- 


5 were the same 
responses, Posi- 
cantly faster than 
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SUMMARY AND CONCLUSIONS 


The results of this investigation clearly 
demonstrate that the organization of a subspan 
memory set influences short-term recognition 
memory. When a positive set of six items 
consisted of two subsets (letters and digits), Ss 
utilized this organization in retrieval. If a 
heterogeneous positive set was followed by an 
informative retrieval cue, Ss limited their 
search to only the cued subset. The search of 
this subset was consistent with the serial 
exhaustive search model proposed by Sternberg 
(1966) for homogeneous subspan strings. In 
addition, the rate of search for I cue trials was 
identical to the rate observed in a base-line 
condition (approximately 30 msec. per unit 
increase in set size). Furthermore, in addition 
to comparable slopes, the two functions did not 
differ significantly in average RT. When 
retrieval cues were T, a markedly different 
pattern of behavior was observed. It ap- 
peared that approximately one-half of the Ss 
Shifted strategies to a nondirected search, 
while the remaining Ss used a combined 
directed and nondirected strategy. This may 
well have varied from trial to trial for the 
in the I condition, 


se Ss 


Presenting the items in a grouped arrange- 
ment had only a slight beneficial effect on 
retrieval, This advantage was limited to I cue 
conditions. With I cues, grouped arrange- 
ments of subsets actually significantly retarded 
RTs and did not change the slope of the func- 
tion relating RT to subset siz 


The lack of a 
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facilitative effect is puzzling. — lU may 
associated with a change in motivationa Me 
on the part of Ss experiencing a es s 
of elements in the I condition. This ws 
may have been perceived as the pe a esl 
situation, and Ss may have expenc ec emory 
effort in maintaining these items e culation 
until a probe was shown. lhis ned y 
gains some support from evidence o po M 
Doll (1971). He demonstrated that sre pro" 
enhanced when monetary rewards lees from 
vided for rapid retrieval of informata tee 
recent memory. However, within the me: 
of the present study, it i difficult 2 as 
the conjecture that motivational leve 


her 
ees pii car Aut ut ot 
creased in the TG conditions witho 
independent data. 
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Dichotic listening experiments have shown that reaction time (RT) to attended 


words is a function of the semantic similarity 


unattended words. 


to examine the level of proce: 
Verbal RTs to attended words 


Vis 


al ignored, 
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SEMANTIC PROCESSING WITH BISENSORY STIMULATION : 


the ordering of RTs was ex ctly as found 


of simultaneously presented 


However, D. E. Broadbent and M. Gregory have argued 
that the ears should be viewed as a simple input channel rather than ser 


arate 


An audiovisual presentation was used 


sing when clearly separate channels were used. 
again indicated that the unattended words were 
interfering selectively with the attended words. 


When audio wz 


attended and 
in the dichotic 


experiments. A significant interaction and different pattern of results when 
visual was attended and audio ignored indicated that the pattern of interference 
is not symmetrical for the two modalities. 


ii Proponents of a "filter" theory of selective atten- 
non haye suggested that unattended stimuli are 
blocked (Broadbent, 1958) or ttenuated" 
Teisman, 1969) at a relatively peripheral level. 
h 2 Ortunately, most of the evidence supporting. this 
Ypothesis has been based on the rather insensitive 
| Method of recall or on a method requiring S to make 
M Overt response to unattended stimuli while simul- 
cous responding to an attended task. On the 
ai ce hand, when semantic processing of unattended 
T pm has been found, the control over S's 
Eno typically has been inadequate. 
LA series of dichotic listening experiments (Lewis, 
0) was run to try to provide satisfactory method- 
Bical controls, Attention Was controlled by (a) 
'" a sequence of unrelated words rather than 
oye P) Using a fast enough presentation rate to 
Vent S from switching attention without losing 
ht of the Unattended message, and ©, requiring 
ten shadowing (repetition while listening) of the 
Wino ded Message. Forgetting was controlled by 
lit £ Interference instead of memory as a measure of 
Ai Sing, The reaction time (RT) to shadow the 
AN ‘ded Words was measured as a function of their 
. iteng ship to the simultaneously presented un- 
Sed words. It was found that semantic simi- 
unao Synonym pairs) between the attended 
in S words produced interference in re- 
Ne attended words. The unattended words 
Uy were processed at the semantic level in 
* interfered with the response to the 


Oy 
si 


yj 
ang! Le, 
Um 


Broadbent and Gregory (1961) have 


Ut the ears may be rather unique as 


hey found. that digits presented. alter- 


Advanced. Research 
partment of Defense 
Air Force Office of 
t contract F44620-67-C-0099 while the 
he University of Oregon. 

e Pants should be sent to Joe L, Lewis, 
tattle qhattment of Psychology, Unive sity of 

ashington 98105, 


channels. Unattended audio information may be admitted to the processor 
along with the attended information, 


nately to the two ears could be recalled as well in the 
actual order of arrival (alternating cars) as ear by 
var. But when stimuli were presented alternatively 
to the car and eye, recall was significantly better for 
the ear then eye than in the actual order of arrival 
(car alternating with eye). They suggest that the 
two cars may be viewed asa single input channel but 
the eye and ear are separate channel Conse- 
quently, the semantic processing found with dichotic 
listening may be because all the information from the 
ears is admitted to the same channel, However, 
since stimuli may be processed from only one channel 
at a time, simultaneously presented 
words would not be expected to produce 
from semantic properties. In addition 
ear are separate channels, the ease 
channel should depend on the 
the channels. Spatial separ. 
sound sources should enhane 
unwanted information. 


audiovisual 
interference 
s if the eye and 
of filtering a 
spatial contiguity of 
ation of the visual and 
e the ability to filter the 


Method.--The Ss were 16 students (6 males and 10 
females) from an introductory psychology lecture 
course at the University of Oregon. All Ss received 
credit toward their course grade for participating. 
The only restriction in soliciting Ss was that they 
have 20 20 (corrected) v ion and "relatively normal 
hearing" in both ears. i 


The same stimulus materi 


ils were used as in a pre- 
vious dichotic listening experiment (Lewis, 1970, 
Exp. HH) to permit a rather direct comparison of the 
results. Stimuli for the attende 
of 28 lists of five unrelated, 
approximately matched for frequency of occurrence 
in English. The unattended messages were con- 
structed using words related to the third word in 
each attended message. The four kinds of relation- 
ship were (a) low associative stre 
associates (low 
strength 
nyms), 


d messages consisted 
single-svllable words 


ngth nonsynonym 
(b) high a Soclative 
ssociates (high nonsyno- 
G) low associative strength Synonyms (low 
synonyms), and (d) unrelated (controls), : 


nonsynonyms), 
nonsynonym 
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TABLE 1 


MEDIAN VERBAL Reaciton TIMES 


y sy yms 
High ynonym | Low nonsynonyms Low pads ; 
ns s | A y 
Control | High nons: | z ; PE 
Order and method | A al | Audio ended 
9i hrssegtation Audio Visual Audio | | Y j E Un | ARE | attended | ate» — 
tte a " ttende a a eee | eee 
attended attended atte | | z " 
Audio-visual = 485 | 760 | | pis 5 
TE. 750 155 i | 08s 
Headset 610 688 708 | 
X 680 j | 
i i 775 
Visual-audio = sss eis | ns 
Had set 525 523 | 593 653 
x 648 663 | 602 | 
audio 
sched to @ 
P > "T ‘ere switched | er 
For the audio-attended condition the 28 attended first half of the session aS ee i o 
lists were recorded on magnetic tape at a rate of one — words during the last half o b: E order of pres’ re 
word every į sec. with 5 sec. between lists. Each of half of the Ss received the reve 


the 28 lists were recorded four times using four 
random orders. The visual words were constructed 
by putting each word on a 5 X 7 white card, using 
Paratipe (Style 11101) pressure lettering. The 
stimuli were then recorded on videotape using the 
following procedure. A Uher Model 8000 tape re- 
corder was connected from the audio output via a 
Grason-Stadler voice-operated relay to the control 
panel of a Scientific Prototype three-channel tachis- 
toscope. The control was wired so that the display 
field containing the unattended word was illuminated 
for 300 msec. when the third audio word began. 
Background illumination (against a white field) was 
maintained throughout. Recording on videotape 
was accomplished by pointing a General Electric 
closed-circuit television camera into. the viewing 
hood of the tachistoscope and connecting the audio 
output of the tape recorder to the audio input of a 
General Electric videotape recorder. 

Four blocks of stimuli were constructed using the 
above procedure. Each block consisted of one set of 
the 28 audio lists of 1/4 of each of the four types (low 
honsynonyms, high nonsynonyms, low synonyms, 
and controls) of visual (unattended) words. Thus 
the four treatment conditions were contained in each 
block yet the attended mes iges were the same in all 
four blocks. For example, the critical test word from 
a given attended list (third word) might be paired 
with a low nonsynonym in Block 1, a high non- 
synonym in Block 2, a low synonym in Block 3, and a 
control in Block 4. 

For the vis 


al-attended condition, the stimuli were 
recorded on videotape using an analogous procedure 
such that the five attended words were visual and the 
unattended word paired with the third visual word 
was audio. 

Twenty lists of training stimuli were also con- 
structed for each viewing condition. 

No equipment was available to measure the accu- 
Tacy of synchronization between the audiovisual 
Pairs. Two judges monitored all the stimuli and 
were unable to detect any asynchrony. 

he Ss were assigned randomly to one of four 
groups to satisfy the constraints of a 2 X 2 
Half of the Ss ; ttended to visu 


matrix. 
al words during the 


b 
two group? i 


tion, Half of each of the above á 


. og ver 

assigned to hear all audio words A 

pedance headset (separate source. i words d 
half were assigned to receive the au Ss e 
e. 

3 

2 


visual words, For the visualattene’ i 
5 was told to ignore any audio stmt 
trained to shadow to the criterion € ü 
Training lists were repeated if more tl tists 
quired. The four blocks of treatmet i 
presented. A 2-min, rest wae trei 
training and between each block ot o separ 
S-sec. intertrial interval otherwise th bloc* 
list. A 5-min, rest followed the four pur 
entire procedure was repeated en 
to the modality which was im oke ! 
first half of the session. The ^ a è 
phone and all responses were re simu i we 
of a magnetic tape. The agoa he same 
simultaneously on Channel 2 o! h: ter pla 
Verbal RTs were obtained by jen d 
recording of the audio stimuli d 
The output of the recorder Wa” 


shat G 
cach channel fed into a dineren wea wat. 
analog pen recorde A dimes sine ya. 
invert the negative part of UN "rhe pap ms 
positive tracing was produced- 10 


«cort e 
cot to recOr® a che 
the pen recorder was set " ring 5g 

o 


The RTs were obtained by X IG audio * 
between the rise produced p A . 
the rise produced by S's resp 

Results and discussion. 7 
position attended words are Ti 
Analysis of variance reve? S 
treatments, F (3, 36) = eer F 
= 7.80; Treatment X Modit 
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tion, F (3, 36) 2.89, and Order X Modality At- 
tended X Separation interaction, F (1, 12) = 5.56; 
in all cases, p < .05, 

The separation main effect. was produced by Ss 
responding faster when presentation was through the 
headset than when presentation was through the TV 
This was lik 


critical Treatments X Separation interaction was not 
78. The hypothesis that the 
tion of the visual and sound sources 
tering was not supported. Howey 
wt Order X Modality Attended X Sep- 
aration interaction does raise some question about 
the additivity of the effects (see Sternberg, 1969). 
Apparently, transfer of attention from one modality 
to another during the session may have adverse 
elects on attention to the second modality. 

The main effect for treatments was significant, 
icating that even when the channels are separated 
by using the ear and the eye, interference as a func- 
tion of semantic properties of the messages occurs. 
However, the Treatments X Modality Attended 
teraction indicates that the effects for the two 
modalities are not symmetrical for the sen The 
RTs from the first half of the session along with the 
Comparable RTs obtained with dichotic listening 

Lewis, 1970) are shown in Table 2.. Only the data 
Tom the first half of the session are shown because 
the first half of the s ion in the present experiment 
Corresponds to the type and number of trials from 
the dichotic experiment, 

It is clear from Table 
Message is audio the 
similar regardless of the 


spatial separ; 
Vill enhanc 
the signifi 


2 that when the attended 
interfering effects are very 
ntes SR t modality of the unattended 
hessage. The ordering of the RTs is the same in 
oth cases, (It should be noted that the absolute 
ee in Table 2 have no special significance 
tmil the headset and TV medians are pooled.) The 
arity between the dichotic experiment and 

ne audio-attended condition is inconsistent with 
. 'oadbent and Gregory's (1961) suggestion that the 
ars are unique as channels. There is no indication 
At unattended visual information must wait until 
` channel is free while unattended audio informa- 
n is admitted to the processor along with the 

; ended audio information. A somewhat different 
emerges from the visual-attended, audio- 


TABLE 2 


Mepian Versal Reaction Times FROM First 
SION AND FROM AUDIO-AUDIO EXPERIM 


3 Lownon-| Low 
Control synonyms | synonyms | synonyms 
latended | s96 | — 602 590 
attended 680 | 688 728 
087 690 726 


(Lewis, 1970) | 
| | 


unattended condition. 
X Modality 
the proce: 
on the modality of the input. 
significantly different from the controls is the low 
nonsynonyms, Analysis of this group indicates that 
it contains a large number of pairs which are fre- 
quently sequential in English (e.g., STREETCAR; sce 
Lewis, 1970). When visual is attended, these appear 
to have a facilitation effect. 

Another important result emerged between the 
recall results in the dichotic experiment and the 
present experiment, With dichotic listening, recall 
of unattended information is very low or zero, In 
the present experiment, recall was very high with 
both modalities of attention. Several Ss volunteered 
information about the content of the unattended 
message. Interrogation of Ss revealed good recall of 
the unattended content, Although Broadbent and 
Gregory (1961) do not discuss the results of recall 
between their. two experiments, 
seems to be apparent in their data, 
of lists recalled ear by ear in the dichotic experiment 
w 8, while the corresponding result from the ear- 
eye experiment was .59, 


The significant ‘Treatment 
Attended interaction does indicate that 


ng is different at some stage, depending 
The only effect 


a similar effect 
Che proportion 
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(THE IBLE ALLEYWAY 
PARTIAL DELAY OF REWARD IN THE DOUBLE ALLE 


STE . EX 
JOSEPH A. SGRO, NEIL H. COHN, axp STEPHEN D. DUDLE 


Virginia Polytechnic Institute and State University 


54 tri ith either conti sreward 
Two groups of rats (N = 40) were given 54 trials with either continuous rc 


or partial delay of reward in Goal-box 1 of a double alleyway. 


AM Ss were 


i i . ial group 
than shifted to partial delay for 36 trials. During preshift, = panum, p 
showed slower Alley 2 speeds following delay than following no ¢ ia b 
postshift, both groups showed depressed Alley 2 speeds follow ing i Eo end 
in Goal-box 1, the effect being greater for the group which received | 


posure to continuous training. 


y ges are ; 
"The results were discussed in relation te 


i i Jav i > double 
theoretical and empirical considerations of nonreward and delay in the 


alleyway. 

In a typical experiment demonstrating the moti- 
vational effects of nonreward, rats are trained with 
continuous reinforcement in the first goal box of a 
double alleyway and then shifted to partial rein- 
forcement. The result is faster second alleyway 
speeds following nonreward than following reward, 
a finding commonly termed the "frustration effect" 
(FE). A recent study by Sgro, Glotfelty, and Moore 
(1970) attempted to demonstrate that shift from 
immediate reward to partial delay of Goal-box 1 re- 
ward operated in a similar fashion, Instead of del; 
facilitated Alley 2 speeds, it was found that speed 
following delay of Goal-box 1 reward were slower 
than speeds following no delay. 

Both of the above phenomena have 
preted within the framework of frustration theory. 
While the FE has been attributed to the motivational 
properties of primary frustration (Rr) generated in 
Goal-box 1 (Amsel, 1958), slower Alley 2 speeds fol- 
lowing delay of reward in Goal-box 1 have been ex- 
plained on the basis of competing respon 
arise from delay-engendered Ry. 
come conditioned to stimuli in € 
interfering with Ss leaving 
vided access to Alley 
1971). 

While the FE 
series of continuo 
it also has been 


been inter- 


ses which 

The responses be- 
xoal-box 1, thereby 
Goal-box 1 when pro- 
2 (Sgro, Showalter, & Cohn, 


has been shown to develop after a 
usly reinforced trials (Amsel 1958), 
reported under conditions in which 
rats experienced partial reinforcement in Goal-box 1 
throughout the experiment (Wagner, 1959). With 
Particular attention to the studies by Sgro et al. 
(1970), the question remains whether depressed Alley 
2 speeds following delay of Goal-box 1 reward are 
contingent upon prior exposure to continuous imme- 
diate reward or whether slower Alley 2 speeds might 


be exhibited under extended partial delay of reward 
conditions, To answe 


given 90 trials with p 


r this question, one group was 
artial delay of Goal-box 1 re- 
ward. A second group received 54 trials of immedi- 
ate reward and then was shifted to partial delay of 
reward for 36 trials, g 


Method.—The  : 
tained from the 
of Psychology 


8 were 40 female hooded r 
laboratory colony of the De 
at Virginia Polytechnic 


ats ob- 
partment 
Institute. 
! Requests 

Department o 
State Univer. 


for r 


Prints should be sent to Joseph A, s, 
ep ould h seph A. Sgro, 
of Psychology irginia Polytechnic Institute and 
ity, Blacksburg, Virginia 24061, 


i the 
winning of 
The Ss were 90-100 days old at the beginning 


experiment. T 
The apparatus was an L-shaped 
identical to that employed by Sgro, € 
Podlesni (1969), The apparatus consis x, a secon 
start box, a first alleyway, a first goal pos goal box 
alleyway, and a second goal box, The ee alleyway: 
also served as the start box for the Te? enti from 
A horizontal sliding door was located Tu goal box 

the guillotine door which separated the Hr 

from the second alleyway. ured f 
Running times for Alley 2 were ince ie 

opening of the Goal-box 1 door ieading ni 

until the interruption of a photobean loc 


louble alleyway 


s, ani 
Glotfelty, 2" 
3 of a first 


em. distant, "DE 
The Ss were randomly assigned nd srov 
groups and received cither continuous ES N in 308 -Bon 
C) or pi oup Í i t the ama 
1. After 54 trials, Group C was shifte albo" di 
partial delay of reward schedule "rhe patt E 
Group P for an additional 36 trials >) ur 


ed (I » 

immediately rewarded. (R) and delayed f š: RRI 
in Goal-box 1 for Group P during pre 3 " 
DRD, RDR, DDR, DRR and RDE. 
was repeated three times over the pre 
over the postshift phase. " 

Twelve days prior to the first pr vivation sc U m 
were placed on a 223-hr. food dep “daily: i 
and handled approximately mt Ss were d 
completion of each daily session, a" m 
13 hr. access to food in the home ken the scat. 
and 12, each S was allowed to exp bein£ give gin? 
paratus for 2 min. in addition to T neutral S ; 
tered 45-mg. Noyes food pellets adn one » aft 
cage, On Preshift Day 1, 5 was fS daily the! Y 
Day 2, two trials; and three tria Hn imately 

The intertrial interval was appre was pli 
sec. During the intertrial wien procedi! seh 
neutral holding cage. The YP ics home igt i 
trial consisted of removing 5 fro ve seco " 5 
placing it into the start bos. TN Den allow pos y 
manually opened the guillotine entere ret jl 
traverse Alley 1. As soon as 5 € ji fi 
the guillotine door was closed t0 -mg 
and 5 was permitted to cat four 


ay all 
shift iria edule 


except that. the horizontal 


: cen x | 
mained closed for 15 sec. afte 
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P 


tals į 
E Teg of Us in Goal-box 1 se 


S 5t 
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Upon conipletion of the eating and as 


oriented to the guillotine door leadin 
Oor Was manua 


Verse Alley 2, 
available in Gog 


soon as 5 was 
g to Alley 2, the 
illy raised and S was allowed to tra- 
Four 45-mg. Noyes food pellets were 

u-box 2 throughout the experiment. 
After completion of the d; ily trials, S was not given 
the dail 


ally ration in the home cages until 15 min. had 
lapsed, 


Results and 
MNE speeds (m 


discussion.— Uhe mean Alley 2 run- 
ec) as a function of trial blocks are 
Presented in Vig. 1l... Observation of Group P rev 
that the separation between spec following R and 
trials in Goal-box | occurred on Trial Block 5 and 
continued throughout the remainder of the study. 
"si ince performed over the nine pre- 
blocks for Group P yielded a significant 
"cC as well as a significant Blocks X Goal- 
Delay Condition interaction, F (8, 152) 
5 46.20, p < D1, and F (3, 152) 32, p < .05, 
Fespectively, Analysis of variance performed over 
‘rial Blocks 5-9 revealed that Alley 2 speeds fol- 
owing delay were signiticantly slower than speeds 
Sllowing no delay F (1, 19) = 12.83, p «.Ul. 
nspection of the postshift phase within Fig. 1 
“ows that upon the introduction ol partial delay of 
O9Al-bo 1 reward, Alley 2 speeds following D trials 
Group C revealed an immediate decline toa level 
“low Group P. Observation of the mean Alley 2 
Speed for Group P on each of the three D tri 
Within Trial Block 10 were .69, 77 and . ; 
“ively, Cor vondingly, the mean Mley 2 speeds for 
PEOUp'C ons the aiie trials were 154, .09, and .64, 
tiu interesting to note, however, that Alle speeds 
following R tri 5 were not ditlerent for the two 
groups. Analysis of variance performed over Trial 
Blocks 10-15 indicated that the Goal-box | delay 
Tobdition variable was significant, F (1, 38) = 
dir 83, p < 01, as was the Goal-box 1 Delay Con- 
tion x Preshift Group interaction, F (4, 38) 
7839, p < 05. 


als 


kals 
respec- 


6 Uring Preshift, the presence of slower Alley 3 
eeds following delay than following no delay for 
eu * indicate that a shift from Immediate to 
sd la delay of Goal-box 1 reward is not à necessary 
adition for the effect to occur, It is interesting to 
Nin: that in the Sgro et al. (1971) study, a group was 
Sin Mth partial delay training from the outset, 
borgay € Immediate versus delay trials were not re- 
Poses separately, the data was reanalyzed for pur- 
Rie Comparison, It was found that while Alley 
th. mens Were observed to be slower following delay 
tical Pllowing no delay, the dillerence w 
fni, _ Bhificant, The failure to achieve statistical 
NIS pm within Sgro et al.'s (1971) group could 
Oee "E attributed to dillerences in situational and 
Sent E Variables and less sensitivity than in the 
Study, The postshift dat 
B. finding; of Sgro et al. 


lor ey : 
ed (s °XPOsure to a serie 


as not statis- 


a is in agreement 
(1970) and indicate 
s of immediately re- 
rves to accentuate the 


5 in (C CPression in Alley 2 speeds following D 


ar Onsi aa Pal- boy 1 
Pr idering the 
Clay n 


Comparison of partial reward aud 
Of rey 


ard in the double alleyway, it has 


MEAN RUNNING SPEED (m/sec) 


2 3 4°38 6 7 8 $9 oon rmm 
BLOCKS OF TRIALS 


2 running speeds as a function of trial 
(Trial -9 for Group C are plotted in block« of 
als, All other trial blacks for both groups are plotted in 
of three trials.) 


been assumed. (Amsel, 1958) that with FE the size 
of Rr is dependent upon the extent of reward expect- 
ancy. With regard to the relationship between num- 
ber of training trials and the FE, Yelen (1969) has 

© ds greater following 60 continu- 


shown that the FE is 
ously reinforced trials than following either 12 
tials. To the ¢ stent that delay of rew 
tutes a frustrative event, it should be 
since prior exposure to continuous immediate reward 
would serve to increase reward expectancy, delay- 
engendered Ry should be greater for Group C than 
Group P. It has been suggested (Sgro et al., 1971) 
that since reward always follows the delay interval, 
it would be expected that competing re. 
erated by Re would become C 
in Goal-box 1. The sugge: 
that competing responses became 
conditioned to stimuli in Goal-box 1 as a consequence 
of delay always being followed by reward is question- 
able in light of the present data. Since the first post- 
shift D trial by Group C resulted in slower Alley 2 
speeds than Group P, it would appear tha 
reasonable interpretation is that the initial effect of 
shift to delay was to produce competing emotional 
responses that interfered with leaving Goal-box L 
Whether conditioning did occur during postshift is 
problematic, however, since conditioning could have 
occurred only to be masked by the continual genera- 
tion of competing responses on D trials. Within the 
above reasoning, it would be expected that upon shift 
to partial delay, Group C should show slower Alley 
2 speeds on D trials than Group P ! 
-\ tinal point deserves mentior 
has shown that no difference ex 
of FE between a group tra 
ment in Goal-box 1 
and shifted. to part 
of Wagner's data, 


or 36 
ard consti- 
expected that 


sponses gen- 
onditioned to stimuli 
stion (Sgro et al., 1971) 
enerated by Ry 


ta more 


ring. Wagner (1959) 
ists in the Magnitude 
uned with partial reinforce- 
and one trained with continuous 
ial reinforcement, Observation 


UN. : however, reveals that lack of a 
Significant Group X FE interaction Might be at- 


tributed to a “ceiling eleet" on Aley = Speeds fol. 
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lowing nonreward in Goal-box 1. _According to 
frustration theory, it would be predicted that the 
greater the number of continuously reinforced trials, 
the greater the FE. 
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IN PROBE RECALL: EFFECT 


OF REHEARSAL ON REACTION TIME! 


JOHN G. $ 


MON 


New York University 


Serial position e| 
The Ss learned 
with memory subse 


within and between categories 
learning produce 
equivalent rehearsal for all i 
recency effect between categori 
effects are discussed in terms of 
accessibility. 


In a free-recall task, 5 is presented with 
tial list of words and is then asked to rec; 
words as possible in any desired order. 
typically show that words presented early or late in 
the list are recalled with higher probability than 
words from the middle of the list. Rundus and 
Atkinson (1970) attribute the serial position e 
the rehearsal proce 
presentation. "They h 


a sequen- 
all as many 
The results 


fect to 
s employed by 5 during list 
ad 5s freely rehearse words out 
loud while a list was presented for study. It was 
found that items from the beginning of the list were 
rehearsed more frequently than items from all other 
positions, and items late in the list had the highest 
probability of being rehearsed at the time of recall, 
Rehearsal may thus be seen as a process for main- 
taining information in a readily available state or as 
a means of strengthening the memory trace. 

Similar serial position effects have been found in 
short-term memory studies of item recall (Norman 
&W ickelgren, 1969), position recall (Moss & Sharac, 
1970), and item recognition (Corballis, 1967; Morin, 
SS 

!Thi 
chusetts a 
New York Ui 
whois duests for reprints should be sent to John G. Seamon, 


sity. hae Department of Ps hology, Wesleyan Unie 
sity, Middletown, Connecting: pay snology, Wesleyan Univer: 


conducted at the Uni 


T rsity of Massa- 
during a postdoctoral 


| fellowship at 


n latency data were investigated in a 


ms eliminates the signif 
but not within categories. i 
differential rehearsal and memory trace 


all paradigm. 


: : : " s each 
a serial list comprised of four categories of three words each, 


rehearsal 
quently probed. Results showed that (a) when rehears: 
processes are uncontrolled, significant pri 


cy and recency effects occur 


ı (b) additional practice on selected items during 


s significantly faster reaction times during testing, and (©) 


ant primacy anc 
Serial position 


DeRosy, & Stultz, 1967; Norman ^. 


1969), with reaction time (RT) t for the mos” ie 


variable, In general, RT is petet, fof i 
cently presented items and longes 
sente 


tem» chat 


t v 
Hi H cou (nce. ori 
in the middle of the sequenc for the ser! 


: ve recall. e 
tion effects in latency data as in fre of words ital 
this hypothesis, Ss were given Lad iani ie 2 
with memory subsequently ien iar ree re = 
paradigm. The first study permi hed additio te 
during learning, the second prov " . thir ; 
hearsal for selected. items, and f: ereite "d 
rehearsal for all items. Latency 3d sal P 
serial positions, if due solely to re altef* E | 


should be present in the first study 
second, and not found in the third» E 
Method. —ln the first experimen cy T co tg 
psychology students from the U d to fulfil p set of 
chusetts served individually as ai were Prot Ë 
requirement. Stimuli and test a RA 950 P 
on slides with a Kodak Saron ined in! Gerd y 
The RTs on test trials were obt2 with 2 NA 
from a Hunter timer in concert " an 
voice key, Lafayette tachistoscom y sv 
projector. "The closure of a me hutte, 
taneously opened the projector ‘key: 
timer, and activated the voice *77 
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TABLE 1 
MEAN RESPONSE LATENCY (IN MSEC.) FOR SERIAL Posiriox MEMORY PROBES 
E a Ha eÁááà 
Serial position 
Experimental - Overall 
conditions I ] errors 
boa 5 23 S | | 10 | 1 | 1 
~~~ — ———|—— | i 
Exp. | | 
Original | 1090 1539 1505 | 1628 | 1532 | 1586 
E Replication 1137 1694 | 1540 | 1404 | 1580 | 1498 | 1695 
"Xp. I | 
Contro] group | 1291 1414 | 1420 | 1476 | 1830 | 1677 | 1501 
Experimental group | 1221 | 1471 | 1423 | 1191 | 1412 | 1304 | 1372 
Ii 
t 10 trials | 1422 1534 1443 | 1524 | 1470 | 1506 
All 25 trials | 1339 1490 1375 | 1487 | 1398 | 1434 
p z 


Sponse from .S into the voice key terminated the 
System, 

Using the serial recall method, each S learned a 
Serial list comprised of four categories of three words 
"ach, viz., TRE -BUSH-FERN-PONY-GOAT-LAMB-SHOE- 

T: NE-SKIN-HAIR. A categorized list was 
"Sed to observe if serial position effects would be 
Ound between and within the category units. The 
Ss Were run individually, with each word shown for 5 

followed by a recall interval of 30 sec. after the 
last Slide. "The S was instructed to recall the words 
Uring this interval by writing them in their correct 
order on a sheet of paper which had the appropriate 
Number of blanks provided. Only the final serial 
arrangement of the words was important. The S 
Could fill in the response sheet in any desired tempo- 


Tal order, A new answer sheet was used on each 
trial With no feedback given. A criterion of two 
Successive, perfect recall trials was employed. Us 


of well-learned 
traces would be available. 

Following completion of the serial recall task, S 
Was presented with memory probes for each word in 
2€ list with RT recorded. A memory probe con- 
Sisted of the simultancous presentation of a category 
BODY 


material insured that all memory 


Name ; 


ind an item posi The 


on cue, Cg., 


MS required to fill in the word that occurred in the 
qu; tion signified by the x, in the category named, as 
.Ckly and as correctly as possible by making the 
Mae verbally into the voice key, Approxi- 
Drege Y 3 sec. elapsed between memory probes. One 
Wo, qitation of the individual probes for all list 
Seg, 5 COnstituted a trial and was followed by a 30- 
the rest period. A total of 10 trials was used, with 


m 3 
tach lemory probes presented in a random order on 
! trial 


+ tn 3 " 
The the second experiment, 16 students served as Ss. 
Ss 


"x ern Were divided equally into a control and an 
Sg is rs group. The procedure for the control 
ut. is Same as that used in the preceding experi- 
n Seng, P Derimental Ss differed by having two 
ans Ey ind and recalls of the words of the third 
wer the ne list prior to learning the whole list. 


h C&-wopg Derimental Ss viewed and recalled the 
Rory, Category twice, the list-learning and 
Sup, Ti * procedures were identical for both 


le s 


ame words used previously were 


employed, with the order of the categories and the 
items within the categories randomly determined for 
each S. 

Six students participated as Ss in the third experi- 
ment. Unlike the previous experiments in which 
one word at a time was presented for learning, this 
experiment presented all the words of a given cate- 
gory simultaneously. The words of a category were 
displayed horizontally on the projection screen for 18 
sec. While the words were being shown, Ss were 
required to rehearse them by orally reciting the 
entire group sequentially between auditory clicks 
that were provided by a solenoid switch and two 
Hunter timers. The clicks were temporally spaced 
to provide .4 sec. to rehearse each word displayed. 
An auditory click every 1.2 sec. for 18 sec. enabled 
each word to be rehearsed 15 times, 
memory-probe procedures were the same as those 
used previously, with the number of memory-probe 
trials increased from 10 to 25 to obtain more obser- 
vations as only six Ss were used. The same words 
were employed, with a random order of categories 
and items within categories for each S, 

Results and discussion —The | 
tially error free as shown by the mean error rate for 
each condition in Table 1, In each experiment, a 
mean RT was determined for each S for each serial 
position, with a mean then obtained for each serial 
position over all Ss, The RT data for all experi- 
ments are presented in Table 1. 

In the first study, RT is clearly a function of the 
item position within a category and the category 
position within the list. The individual 5 means 
were used in separate analyses of category and item 
position. The analysis of v riance for RT as a func- 
tion of category position was significant, F (3, 27) 
= 11.77, as was the analysis of variance for RT over 
item position, F (2, 18) = 13.57, both Ps «.001. In 
general, there were primacy and recency effects 
within and between categories. 

Serial position and stimulus word we 


: ; : re confounded 
in this experiment as each S learned the same list, 


Although unlikely, it may be that the RT differences 
reflect recall differences for the individual words, A 
replication experiment Was performed to test this 
possibility and the reliability of the results, Ten 
additional Ss from the same pool were used. The 
words learned by Ss were the same as those used 
previously, but the serial order of the categories 


The recall and 


RT data are essen- 
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relearning the first VD list, beginning with a test 
trial, or a modified free-recall test in which Ss were 
shown one member of a VD pair and asked to pro- 
duce the item or items that had been paired with it. 
The final variable was retention interval. _ The re- 
tention test was administered either 10 min. or 25 
min. after first-list acquisition. This variable was 
included in view of Eschenbrenner's (1969) demon- 
stration that RI effects were more dramatic on de- 
layed VD tests. Thus, there were 12 major condi- 
tions derived from the factorial combination of the 
three paradigms, the two types of retention test, and 
the two retention intervals. 
The lists were constructed in a rather complex 
fashion, but in essence there were four different 
16-pair lists that were used equally often as the first 
list Ss learned. The lists were constructed from a 
pool of 80 common English words. From this pool 
of 80 words, 16 were selected randomly and without 
replacement to serve as correct alternatives in the 
first VD list. An additional 16 words were selected 
to serve as incorrect alternatives and were paired 
randomly with the members of the first set. A third 
set of 16 words was selected to serve as new words in 
List 2, new correct words in the W)-R» paradigm, or 
new incorrect words in the WR, paradigm. Of the 
remaining 32 words, 16 were selected randomly to 
Serve as correct alternatives and the remaining 16 
served as incorrect alternatives in a second version 
of List 1. Thus, there were two VD lists comprised 
of different words, with one serving as the first list 
for half of the Ss and the other serving as the first 
list for the remaining Ss. Finally, for each of th 
two distinct lists, the sets of correct 
items were reversed for half of the Ss. 
The VD training began with a study trial during 
which the 16 pairs were presented successively on a 
Stowe memory drum at a 2-sec. rate. The correct 
member of each pair was underlined, with the correct 
alternative appearing on the right for half of the pairs 
and on the left for the other half. Each study trial 
was followed by a test trial, during which each pair 
appeared for 2 with neither member underlined. 
"There were three random orders of pairs for the 
study trials and three random orders for test tri: 
First-list acquisition was continued until 
of one perfect trial was recorded, 
_ For the experimental groups, second-list acquisi- 
tion began after a brief instruction, 
included appropriate information 
specific paradigm; i.e., either 
old correct items would be 
given six study 
mainder of the 
groups (25-min, interva!) a 
Intervals for the single-list 
arithmetic problems. 
„The retention test inv 
WD list (List 1) or ass 
egan with a test trial 
of two Successive 
associative- 
of either al 
Ss) or all 


and incorrect 


a criterion 


The instruction 
concerning the 
all old incorrect or all 
retained. The Ss were 
and test trials on List 2. 


The re- 
retention int 


ervals for experimental 
nd the entire retention 
groups were spent solving 


olved either relearning the 
ciative recall, 

and continued until 
perfect trials w: 
recall test consisted of 
Il correct alternatives 
Incorrect 


Relearning 
a criterion 
as reached. The 
the presentation 
(for one-half of the 


alternatives (for the remaining 
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one-half of the Ss), with Ss asked to supply 
missing alternativ The S at biped WR] 
provided with incorrect alternatives : ne a eal asked 
groups provided with correct altern ise MEC. 
to recall both List 1 and List 2 apaciatan, pee 
in Wi-Re groups provided with List fied with 
alternatives and Ss in WR, groups pror ciation 
List 1 incorrect alternatives had only Dum Em. 
for each cue. The associative recall baden first 

The 12 major conditions and the four d em. 
lists combined to yield 48 subgroups. In 5 further. 
each of the associative-recall groups us recal 
divided depending upon whether soci n the iti 
was cued by the correct VD alternatives 0| ductory 
correct VD alternatives. A total of 192 im ‘with 
psychology students served in the spel a ae T o 
+ Ss assigned at random (based upon epo 48 sub- 
appearance at the laboratory) to each o! 12 major 
groups. There were 16 Ss in each of the failed to 
conditions. Sixteen of the original 192 ae trials. 
reach criterion on the first list within “he same 
These Ss were replaced by students from in mpl 
S pool. The discarded Ss were distributec vere in 
across conditions with the exception that B We 
the single-list control condition, 7 were in t e dition: 
condition, and only 1 was in the W rRe and the 
Essentially, all Ss learned the same first Ed initia 
selection factor probably served to reduce ! pility € 
random variability. However, the pon ad faster 
mains that control and WaR, conditions h 
learning Ss than Wi-Ra. 

Results and discussion 

based upon a tri: 

ist acquisition. - 1 variable? 
ance was used, although 3 of the 1 learning 
were manipulated subsequent to List 1 materials 
There was no effect for variation in E any otl en 
and this variable did not interact ee nial B 
unexp^a. 
interac 


w 


s 


7.4, and 9.0 for the single-list controb ^ ej “als 
paradigm, and the W;-Rs prodigi tr 
The VD test groups averaged 8.3, 6- Md 
for control, W.-R;, and W;- Rs, respect was U^ ors 

A4X 2X2 X Zanalysis of variance total €^ 
compare the experimental groups E ssis TEV ors 
during the six List 2 trials. This aaa more © 
only one significant effect. There SS confor dign 
made by Ss who learned a second om parat coe" 
a WrRe paradigm than to a a gener? yol 
F (1, 96) = 70.59, p < .01, a result 1n Sj der 


pg. at 

ment with previous reports (€-S^ na 

Jesse, & Ekstrand, 1964). eri pete ce 0 

The data of major interest ame perform. ciant, 
on the retention tests. The level of Pt: 


à E ; ath Wr ee M 
the VD test trial was very high W anc l 


in contrast to the performance " rete 1 c 
ated with the associative-recall , of varia? 
view of the extreme heterogeneity 


[ 
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existed across these recall 


d i measures, the VD and 
associative-recall da 


| were analyzed separately. 
ed with performance on the 
» and the variance associated 
»ciative-recall 11.96, 
1.92, p < 01. 

Relearning of the first VD list began with a test 
trial. Trials to relearn and errors on the first trial 
Served ; š dependent variables in separate 
of variance, In both analyses, the only si 

! effect Involved differences across paradig 
: “mean trials to criterion (including the two criterial 
trials) for the single-list control groups was 3.3; for 
| 


the WeRy groups the mean was 2 id for Wi-Re 
groups the mean was 4.9, F (2, 72) = 10.87, p. < .01. 

ie Mean errors on the first test trial for the control 

ErOups was .81; for the WaR; groups the mean was 
725; and for the Wi-Ra groups the mean was 1.7 

(2,72) = 15.97, p < .01. In view of the large 

Number of perfect scores (¢.g., zero errors), both 
analyses were repeated following a square-root 
transformation in the scale of measurement. This 
transformation did not result in any change in the 
Significance levels of the results. 

,'t was noted earlier that frequency theory pre- 
dicted RI for Wi-Re groups and retroactive facilita- 
tion for WaR groups. he group differences are 
Consistent with these predictions, but to provide a 

ect test of these predictions multiple / tests were 

Performed. Significant RI present. with trials 
9 relearn, z (62) = 3.25, p < 01, and with errors 
gn the first VD test trial, / (62) = 348, p < 01. 
Wh eee far retroactive facilitation was not as 
first VD pa pos rison involving errors on the 
b«.05,. | gain [5 Few s iie nA to BP. 
Measurement did ii V Tes mee Ui ihe nanle ot 
reported sic s De result in any changes in the 

ee gnilicance levels, 

s nt al pes Was scored in two wi 
i the ves | score treated recall a Si 
à faris eg item Was paired with its appropr ie 
lump ive, and a lenient score was based upon total 
4 r of items recalled regardless of pairing. 
X2 X 2 analysis of variance (List X Par: 
tèn X Retention Interval x Correct Vs. Incorrect 
th d üs Cue) revealed only one significant effect for 
in astringent recall score. 1 here was a significant 
te chee between the variables of paradigm and 
Meg, On interval, F (2, 48) = 3.55, p «.05. The 
iro "numbers of words recalled for the 10-min. delay 
6, Un Were 5.2 for the control, 3.9 for WaR, and 
Sane Wi-Re. The corresponding values for the 
LA m, delay groups were 6.4 for the control, 5.8 for 
tion sand 3.8 for WR. In view of this interac- 
' * series of Z tests were performed comparing 


ys: A 
ul as correct only 


ig, 
l sm 
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each experimental group against its appropriate 
control. The only significant difference appeared 
after a 25-min. interval as the control was superior 
to Wi-Rz, Z (30) = 227, p < 05. 

A similar analysis of variance involving lenient 
Il scores revealed that recall w: higher when .Ss 
were given the incorrect alternatives and asked to 
produce the correct items (X = 6.75) than when 
the reverse conditions applied (X — 5.29), 
F (1,48) = 4.15, b <.05. In addition, there was 
st X Retention Interval interaction, F (3, 48) 
2.85, p < .05. For reasons which are not under- 
stood clearly, there was better recall at the 10-min. 
interval, compared to the 25-min. interval, for two 
of the list conditions and better recall at the 25-min. 
interval for the other two list conditions. 

The present study failed to replicate the evidence 
for assoc 
following 
(Eschenbrenner & Kausler, 1968). For the Wi-Re 
paradigm, there was evidence for associative inter- 
lerence only at the 25-min. retention interval. 
Since there were numerous procedural differences 
between the present study and the earlier reports, 
reasons for the failure to replicate cannot be speci- 
fied. Although it is difficult to present decisive 
evidence for a lack of "covariation," the important 
pect of these data is that variations in Rl asa 
function of paradigm demonstrated in à VD reten- 
tion test and relearning are not accompanied by 
similar variations in RI for associative recall. Since 
such covariation appears to be at the heart of claims 
for the necessity of involving incidental learning 
processes in VD, the present results are considered 
to be discrepant with such claims. In summary, 
the VD data seem to square reasonably well with 
frequency theory, and it does not appear to be 
necessary to implicate “associative interference 
mechanisms" in the explanation of these retroactive 
effects in VD. 
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EFFECTS OF STIMULUS AND RESPONSE PATTE 
CHOICE REACTION TIME? 


CHARL 


Virginia Polytechnic Institute and State University 


The effects of stimulus and response patterns on reaction latency to identity tue 
outcome of a stimulus prediction were studied. Prior to each suung 4 
tion, Ss predicted which of two stimuli would occur and. then exec al 5 bsc 
response if their prediction had been correct or an alternative jerpomie 
prediction had been incorrect. Thus, four second-order patterns were px 
stimulus repetition-response repetition, stimulus repetition ded 
d nation, stimulus alternation-response repetition, and stimulus alternatior 
itencies were shorter when both the stimulus 
and the response alternated or repeated than when cither repeated while the 
other alternated. The results supported the notion that Ss hesitate to repeat 
responses to different stimuli or to make different responses to the same 


response alternation. 


Choice 


stimulus. 


Of the several investigators who have examined 
sequential effects in a choice reaction time (RT) 
paradigm, some have observed negative recency or 
faster reactions to alternated stimuli (e.g., Hale, 
1967), others have found positive recency or faster 
reactions to repeated stimuli (e.g, Remington, 
1969), and some have observed interactions between 
probability and recency effects. Specifically, 
Kornblum (1969) demonstrated positive recency 
when stimulus repetitions were more probable than 
alternations and negative recency when alternations 
were more probable than repetitions. Additionally, 
recent two-choice RT experiments demonstrated 
positive recency to the more probable stimulus and 
negative recency to the less probable stimulus (e.g., 
Whitman & Geller, 1972). When alternations and 
repetitions have been equiprobable, positive recency 
generally has been observed. 

The present experiment was designed to study the 
relative roles of stimulus patterns and response pat- 
terns in determining recency effects. In the four 
stimulus-two response design introduced by Bertel- 
son (1965) and used by Smith (1968) and Peeke and 
Stone (1972), each RT except that to the initial 
stimulus was categorized into one of three mutually 
exclusive categories: identical—a stimulus repeti- 
tion implying a response repetition; equivalent—a 
stimulus alternation resulting in a response repeti- 
tion; or different —a stimulus alternation resultii 
in a response alternation. In such a choice RT 
paradigm, Ss react with a particular response to each 
stimulus so that the response cannot alternate when 
the stimulus repeats. The present experiment intro- 
duced a task which involved Ss predicting which of 
two stimuli would occur on a given trial and then 
responding to the stimulus by making one response 
if they had been correct or an alterna 
they had been incorrect. 
alternation or repetition « 


tive response if 
With such a design, the 
f a response was inde- 
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esponse alter- 


: refor! 
pendent of the stimulus patterns and the 


apet 
E A A apong ref 
four categories, stimulus repetition-respot 


iom 


alternat 


tion, stimulus repetition-response — E 
stimulus — alternation-response rigen were 
stimulus alternation-response | alternatio 
possible. -a fow intro” 
Method.—The 20 Ss were volunteers "o ytechn? 
ductory psychology classes at Virginia *! cm 


Institute and State University. 1.9 
digital readout was mounted in a pi i 
was located on a table and separated rbally pre 
Prior to each of 200 choice RT trials, S VE?“ ug a 


age 

: A : i d pres 
dicted which stimulus would appear flos a Fie 
p d : j £ ] 
corresponding prediction switch. Folk and 


diction, Ss grasped a right- and a lefte hany, TOM 
each handle encasing a sensitive micros tio! od 
5s pressed the right switch when the pe the pred. 
come was correct and the left switch when ing us. 
tion outcome was incorrect; the remain follow 
used the reverse relationship (65 € i 

correct and right following incorrect pr 


we 


» eae) 
+ ion 
edic unt 


" ef 
od a ne 
Eo li « stopped yl. 
. The choice response stet inched rene 
Klockcounter. As determined by lies f. ane pe" 
tape, 50% of Ss’ predictions were ated he n" 
; «qu 
number of response alternations €q" 
of response repetitions. 
agl 
TABLE 1 or, Teont 
MEAN LMENGES AND STANDARD Dire erie s0 
CATEGORIES DETERMINED BY Two PREDS, : 
p Fora Stimenvs-R - p 
M- . | men 4 
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Results and discussion, 


Latencies for anticipatory 


and inaccurate choices were excluded from the 
analysis and were fewer than 5% for each S. The 
analysis involved categorizing Trials 2-200 according 


to prediction outcome and then into the categories 
determined by the combination of the second-order 
stimulus and response patterns, Le. stimulus 
repetition-response repetition, stimulus repetition- 
response alternation, stimulus alternation-response 
repetition, and — stimulus alternation-response 
alternation, 
The means and standard dev 
latencies for the eight categories are presented in 
Table 1. A salient observation was that regardless 
of the prediction outcome choice RT was shorter in 
categories stimulus repetition-response repetition 
and stimulus alternation-response alternation than 
in. stimulus alternation-response repetition. and 
stimulus repetition-response alternation, respec- 
tively. An overall analysis of variance, a 2 (Predic- 
tion Outcome) X2 (Stimulus: Repetition vs. 
Alternation) X 2 (Response: Repetition vs. Alter- 
nation) factorial, indicated a main effect of predic- 
tion outcome, F (1, 19) = 85.46, but no effect of 
Stimulus or response, both bs > AO. The three sec- 
Ond-order interactions were significant: Prediction 
Outcome X Stimulus, F (1, 19) = 14.07, p « .005; 
Prediction Outcome X Response, F (1, 19) = 12.73, 
b < .005; and Stimulus X Response, F (1,19) 
= 31.64, p «.001. The third-order interaction 
did not reach significance at the 01 level, 
P (1,19) = 4.42, 
ie cone the second-order interactions involv- 
ts koreae outcome were due to faster reactions 
Kopo y predicted Stimulus repetitions than to 
ra [i im rig alternations, and faster 
tions ss ee FEEGHS predicted stimulus alterna- 
ns Ti . z mou predicted stimulus repeti- 
wee in : WC is, for either prediction outcome, Ss 
aster when they predicted a repetition than 

When they predicted an alternation. 
; Although Ss’ choice latencies of the present study 
3bpear to be longer than those of Ss required to 


ions of Ss’ mean 


entity the stimulus? the results of the present 
Qui hitman, C. P. & Geller S. Unpublished data 
S ith the san Pparatus), Virginia Polytechnic Institute and 


Plate University, 1972, 


167 


study suggest that the effects of recency and predic- 
tion outcome on choice RT are similar for the two 
paradigms. The observed effect of prediction out- 
come in the discrete RT design has been well 
established (e.g, Whitman & Geller, 1972). 
Furthermore, the progr vely slower reactions to 
the categories stimulus repetition-r sponse repeti- 
tion, stimulus alternation-response alternation, and 
stimulus alternation-response repetition found with 
the present task have been observed in traditional 
choice RT experiments (Peeke & Stone, 1972; 
Smith, 1968). 

Peeke and Stone (1972) suggested that choice RT 
was longest following stimul alternation-response 
repetition because Ss hesitate to make the same re- 
sponse to more than one stimulus. The present re- 
sults indicated that Ss also hesitate to make a difler- 
ent response to the same stimulus. In particular, Ss 
responded faster when the repetition or alternation 
of the response corresponded to the repetition or 
alternation of the stimulus. One possible interpre- 
tation of this result was that Ss were slower to repeat 
a response to alternated stimuli or to alternate 
responses to repeated stimuli because our techno- 
logical environment rarely demands a given response 
to different signals or different responses to the same 


REFERENCES 


BERTELSON, P. Serial choice reaction. time as a function of 


response versus signal-and-response repetition, Nature, 1968, 
206, 21 


quential effec 
Quarterly. Journal of 


n à two-choice serial reaction 
tit 
14, 113-114, 


Experimental Psychology, 1967, 


Sequential determinants of information process- 
s ind discrete reaction time, Psychological Review, 
1969, 76, 113-131. 


2, G. C. Sequential effects in two- and 
s, Journal of Experimental Psychology, 1972, 


Analysis of 


al. uential effects in choice re- 
Journal of Exp 


mental Psychology, 1969, 82, 


Sti, M. C. Repetition effect and short term memory, 
Journal of Experimental Psychology, 1968, 77, 435-439, 


Whim. R, E.S. Sequential effects of stimulus 
probability and prediction outcome on choice reaction time. 
Journal of Experimental Psychology, 1972, 93, 373-378, 


(Received February 18, 1972) 


al of Experimental Psychology 
on. I. 96, No. 2, 468-470 


IMAGERY CODES AND HUMAN INFORMATION RETRIEVAL 


JOHN G. SEAMON ! 


New York University 


iti " p Si z y: t hearse: nud 
In a short-term recognition memory task, 5s who subv ocally re beanies 
generated separate visual images for word stimuli showed a linear increas 


response time with an increase in stimuli, 


while Ss who generated an inter- 


active imaginary scene showed no increase in latency. These data ane E 
high-speed serial exhaustive retrieval process for the subvocal rehearsa an 4 
separate imagery conditions and a parallel process with constant comparisot 
time for the interactive imagery condition. This implies that retrieval proc- 
esses are dependent upon encoding strategies. 


What are the cognitive processes involved in 
retrieving symbolic information from short-term 
memory (STM) and what do they imply about the 
operation of the memory system?  Sternberg's 
(1966) study of short-term recognition memory has 
indicated that presence information is retrieved by 
a high-speed serial exhaustive scan of the contents 
of immediate memory. In that study, Ss were 
presented with a short string of digits followed by a 
probe digit a few seconds later. The Ss were re- 
quired to indicate whether the probe was a member 
of the preceding set by making a YES or a NO re- 
sponse. Reaction time (RT) was found to increase 
linearly when set size was varied from one to six 
digits, with no difference in the slopes for the positive 
and negative response functions. These data suggest 
that the probe was serially compared to each item 
in the memory set before a response decision was 
made, Changing to a recall task, Sternberg (1967) 
found evidence for a serial self-terminating scan 
when Ss had to recall the item which followed the 
probe position in a list of serial items. 

One may wonder if a serial comparison process is 
a general characteristic of STM retrieval or the 
result of a particular encoding strategy employed 
by Ss at the time of input. The present experiment 
sought to test this possibility by varying encoding 
conditions to determine their effect upon retrieval. 
Bower (1970) varied imagery strategies in a free- 
recall task and found significantly better recall with 
instructions to relate two word sets 
interactive images than instructions to generate 
two separate images for each set. Use of both 
imagery conditions in the STM-recognition para- 
digm, in addition to the traditional silent rehearsal 
condition, would appear to provide alternative 
encoding operations with which to determine if 


retrieval processes are dependent upon e 
strategies. 


into single 


ncoding 
trateg Based on research with verbal and 
Pictorial stimuli (Sternberg, 1969), a serial retrieval 
Process with a scan rate of 18 to 26 items per second 
may be expected for the silent rehearsal and separate 
image conditions. Use of an interactive image, 
however, would appear to unify temporally and 


Spatially the information in memory and may thus 


1 , i 
who now m o pee he sut to John G. Seamon, 
"ves Dow 2 ment of Psy " feslevan 
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a Š ae shich each 
permit a parallel retrieval process 1n whic 


item is examined simultaneously. 

Method.—Eighteen students from squire- 
University served as Ss to fulfill a course q lith 
ment. Three groups of 6 Ss were compared atin- 
memory set size and instructions varied Won 
square design, with three orders of set size ane ^ 
per order for each instructional condition. english 

The Ss saw one, two, or three simple 23 «c 
nouns on a rear-projection screen followed ei F 
later by a short auditory warning Su i 
probe word. The stimuli for a single T 
displayed simultaneously, with the displs 
calculated by multiplying the number ef 
shown by 5 sec. A total of 36 trials was, ji 3 
for each set size in blocked format Wit yi 
between each trial, ‘The first 12 trials in eae? 
were considered practice, 
in length from three to nine letters were ive í 
every trial, with half of the response post seri 
half negative. For positive respons Ss in ? 
positions were equally probable. he » resp 
instructional conditions were encouraged to 
quickly and accurately by pressing 
button with their left index finger of 
with their right. 

The first group of Ss was instructec : 
the stimuli subvocally during their Bree 
the blank period preceding the pro” inp 
procedurally similar to that employe "ac {ns yn 
experiments. The second group of 55 V E s sho" 
to generate an image for each of NP separa 
for study and to keep the images spatia Ss were ag 
and noninteracting at all times. These : 
to hold the images in immediate memory be W2* 
about each in succession until the uM pro 
sented and to respond yes only if bx if iis 
represented one of the images generates, stimt tedy 


New york 


loch 


d n 


" a 
ther 4 
B ;o bu 


J pies get. 

unable to form an image for any be was Lag ik 
unable to hold them until the prov’ «Car fae Wt 
they were told to respond verba J y 


SB e 
: 3 : asponse pags 
instead of making a YES or NO TC | an ! 


group of Ss was also instructed i Oriona 
each of the study words, with an Aitor i 
ment of putting the images to^ jig to 
interactive scene. These SS ee on yE 
imaginary scene by concentrati! respon 
probe word was presented and to 
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3 


630} RT = 457.66 + 48,505 


2 
Set Size 


Non-Imagery Group 


Fi. 
groups. 
based on the 
means for a 


SN means. rall m 


responses [filled circ 


if the probe represented one of the objects pictured 
in the scene. As in the previous group, Ss were 
asked to respond verbally "Can't do it" if they 
Could not comply with the instructions. ‘Thus, 
Using the three word set of VOLCANO-KNAPSACK— 
GORILLA as an example, Ss in the Nonimagery group 
Finely rehears d the three words, Ss in the Separate 
eae hee formed à separate visual image for 

ree words, and Ss in the Relational 
might have imagined a gorilla 


Imagery group 


weari on be ha Pi 5 as 

ve AUR à knapsack Jumping into a volcano. Each 

x saw the same stimuli and probes, with the 
er of presentation of each set size balanced 


Within: eac N 
ithin each group and equivalent between groups. 


‘\ppropriate instructional examples were provided 
urn group to insure that all Ss understood their 
Results and discussion.—Errors. for the Non- 
"^ ‘gery, Separate Imagery, and Relational Imagery 
oups occurred on 4.16 ;, 2.08%, and 1.38% of 
b trials, respectively, and are not included in the 
RM Responses of "Can't do it Were simi- 
tris). frequent, Chey occurred on 1.386% of the 
the for the Separate Imagery group and .69% of 
te, rials for the Relational Imagery group. Mean 
Ns Nees for correct respo are shown in Fig. 1. 
Drog crease in the number of items held in memory 
ima Reed à linear increase in RT for the Non- 
Set etry and Separate Imagery groups. Memory 
| Ze, however, had no effect on RT for the 
we cational | à š siraciionalmeteloséiv 
[n A al Imagery group. Instructiona set clearly 
Variat In differential effects on the response time 
*. An analysis of variance for RT over 

for t d Set size found a significant effect of set size 
While i Onimagery group, F (2, 8) = 6.35, p < .05, 
Nar, OMsignificant results were obtained for the 
tation lmagery group, F (3, 8) = 2.83, and the 
al Imagery group, F (2, 8) = 1.83, both 


im 
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Set Size 


Separate Imagery Group 


T hown 
were applied to the overall means for the Nonima 
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RT = 458.70 + 43.502 


3 1 E: 3 
Set Size 
Relational Imagery Group 
mory set size for each of the three experimental 


es] and ne: 
ns for each 
ith +1 

y and 


* [open circles] res 

* based on the individual S 
squares linear functions 
ate Imagery groups.) 


ps > 05. The failure of the Separate Imagery group 
to reach significance may be attributed to the high 
degree of variability due primarily to two excep- 
tional Ss in this condition, one very fast and the 
other very slow. A trend analysis revealed a sig- 
nificant linear trend for the Nonimagery group, 
F (1, 8) = 12.66, p < .01, and the Separate Imagery 
group, F (1, 8) = 5.66, p < .05, with the quadratic 
component for both conditions less than 1. A non- 
significant linear trend, F (1, 8) = 2.23, and quad- 
ratic trend, F (1, 8) = 1.52, both ps > .05, were 
found for the Relational Imagery condition. A 
comparison of the Relational Imagery group over all 
set sizes with the Nonimagery and Separate Imag- 
ery groups at Set Size 1 shows no significant differ- 
ence in RT (F < 1.0), indicating that Ss using the 
relational imagery strategy took no longer to re- 
spond than Ss using other strategies at Set Size 1, 

Linear regression accounts for 99.70% and 99,986; 
of the variance for the Nonimagery and Separate 
Imagery groups. The linear functions for these 
groups are very similar, with the slope estimates 
within the range of 38 to 56 msec. reported by 
Sternberg (1969) with digits, shapes, and faces as 
stimuli. The linear increase in RT suggests a serial 
retrieval process for both groups. Excluding Set 
Size 1, which typically shows positives to be faster 
than negatives, the slopes for the positive and 
negative response functions dilfer by 4 msec. for 
the Separate Imagery group and 30 msec. for the 
Nonimagery group. In both cases, the slope for the 
positive function is greater than the negative func- 
tion. The data are inconsistent with a self-termi- 
nating scan in which Ss stop their search when a 
match has been found. This would predict the 
slope for positives to be half that of negatives as, 
on the average, only half of the items have to be 
scanned before a match is found for positives, while 
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all must be examined for negatives. Since the slope 
estimate for negative responses is not larger than 
that for positives in either group, this argues for a 
high-speed serial exhaustive comparison process 
whose rate, based on the slopes for all responses, 
is between 20 and 23 items per second. Instructions 
to generate an image for each of the stimuli did not 
alter the underlying retrieval process. 
A qualitatively different retrieval model appears 
necessary to account for the data of the Relational 
Imagery group. Since RT did not increase with set 
size, a serial retrieval process in which the probe is 
successively compared to the items in memory 
may be rejected. Instead, the data are consistent 
with a parallel process in which the probe is simul- 
taneously compared to all items in the memory set 
with each comparison taking a constant amount of 
time. Thus three items may be examined as quickly 
as two or one. This indicates that recent theorizing 
by Paivio (1969) and Bower (1970), which suggests 
that the verbal system is primarily a serial processing 
system and the visual imagery system is a parallel 
processing system, is an oversimplification. Rather, 
the visual imagery system can be either serial or 
parallel depending upon encoding conditions. It 
remains to be seen if the same is truc of the verbal 
system, 
The results suggest that retrieval from STM 
should not be characterized as a simple serial process 
even within the limits defined by Sternberg (1966). 


SHORT REPORTS 


The data strongly imply that retrieval pesce 
dependent upon encoding strategies. In inen 
with the hypothesis, if information is tempora ae 
spatially separated in memory at the time af ion , 
retrieval appears to require a serial seareh regar Y 
of whether the verbal or. visual imagery idis Ke 
used, However, if the information is ud 
in the present experiment by relational am 
instructions, retrieval may be described by a ape 
model. A general theory of retrieval would ne 
seem to necessitate both serial and paretlel prose m 
Additional research will have to determine the, ma 
to the amount of information that can be ie 
and retrieved in parallel by use of the ag 
imagery strategy. One suspects that the Mus 
should not exceed Miller's (1956) STM capac 
parameter of seven plus or minus two. 
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PRESENTATION OF CORRECT AND INCORRECT ITEMS IN 
VERBAL DISCRIMINATION LEARNING 


ROBERT W. NEWBY?! axp ROBERT K. YOUNG 
Uni 


sity of Texas at Austin 


Three groups of Ss each. learned a verbal discrimination (VD) 
study-test trials. On the study trials, only correet responses were shown to 
the C group, only incorrect responses were shown to the I group, and Correct 
and incorrect responses were shown to the CI group. Test trials were identical 
forall three groups. The results indicated that the performance of the C group 
Was higher than that of the CI group, while the pe 


list for six 


lower. 


explained in terms of the 


A recent study of Ingison and Ekstrand (1970) 
"sing the study-test procedure with verbal dis- 
crimination (VD) learning found that when Ss are 
Presented only with the correct member of a pair on 
Study trials, performance is significantly better than 
When both the correct and incorrect. members are 
Presented, According to Ingison and Ekstrand, 
tation of only the correct items on study 
increases the subjective frequency. difference 
"n the correct and incorrect items in a VD 
Pair compared to the same items learned under the 
Standard study test. procedure. That extra 
Fequency units accrue to the incorrect items on 
Study trials during the standard study-tri 
cedure. Since Subjective frequei 
identified as the major cue in VD le; 
and Ekstrand's results fit easily 
Work of the frequency theor 
(Ekstrand, Wallace, & Under: 

The purpose of the 
ngison and Ekstrand 


* group which re 
Stud 


m 


d pro- 
ditlerence. is 


ling, Ingison 
within the frame- 
ory of VD learning 
wood, 1966). 
present paper is to extend the 
(1970) study by the addition 
elves only incorrect. items on 
Y trials. According to frequency theory, this 
‘@nipulation should initially facilitate learning 
„p€ reason for this is that after the first study trial 
l incorrect items would have a frequency of one 
cause of the representational response, while the 
Corresponding correct items would have no fre- 
tency units. Therefore, on the first test trial 


piter the first study trial), an instructed S can use 
pile 2 of VD | 


[7 


al earning: Always choose the least 
1 o cnt item, and performance should be fac ed. 
Would dL during this first test trial the correct item 
(ren R tain frequency units because it is perceived 
ti; ir ee response), pronounced (pronun- 
r treet SARON and rehearsed (rehearsal of the 
Mond alternative response). Therefore, by the 
the © test trial (after the sec 


‘ond observation trial), 
‘quency difference should be near 
task would have been made more 
According to the theory, frequency 
hy accrue to the correct items at a 


tere Subjective fre 
2 SO tha A 
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The results also indicated that the 
tended to improve over trials, while the perform 
initial drop followed by a gradual increase 


rformance of the I group was 
performance of the C and CI groups 
ance of the I group showed an 
over trials. The results were 


frequency theory of VD learning. 


rate than to the incorreet ite 


difference: from that point on would gradually 
increase and performance would improve. 

In the present experiment, Ss learned 
by the study-test method. 
methods were used: Only cor 
sented, only incorrect. items 
presented with the correct. item underlined, In 
general, the theory predicts 


3 that presentation of 
only correct items should lead to better performance 
than with presentation of both correct and incorrect, 


while presentation of only incorrect items should 
lead to poorer performance, 

Method.—Each of 120 Ss received one 
types of study-trial methods; 
incorrect only (1), or the stan 


cedure (C1). Two samples of words were used, and 
cach member of a given pair within a s, mple served 
as the correct item in one list and the incorrect item 
in another list. Presentation method, sample, and 
item function. (i vs. 1) were combined fac. 
torially. In addition, Ss were run in groups of five 
two groups to a given list. AJ] Ss Were given six 
trials on the VD task, and the design can be suiti 


marized asa 3X2 X21X2x6 mixed factori d 
(n = 5 per cell), ' 
Two samples of 30 adjectives cach were 
from Melton and Safier's (Hilgard, 1951) 
were used to construct two 15-pair VD lists 
pair and intrapair associations were held as 
possible by visual examination of the lists. 
Each list was presented by means of a Kodak 650 
Carousel. projector with an attached automatic 
timer. The lists Were presented at a 3-see, rate with 
a 12-sec. intertrial interval. Each of the six 
trials was preceded by a study tria] 
dillerent orders of study ; 


m n and four 
i est trials were use 
to control for possible serial learning eline gone 
trials for the C group consisted of the presenta ti : 
of each correct item üt a 3esec. rate; for the I m Ki 
the same procedure was used except that de 
correct ems were presented; for the Cl = i 
both items were Presented with the cor a 
under ined. Within a given sample pem 
identical for 4j groups. AIP Sy * dis 


ms so that the frequency 


a VD list 
Three study-trial 
ct items we repre- 
or both items were 


of three 
correct only (C), 
"d study-test pro- 


selected 
list and 
Inter- 
low as 


test 


roup, 
ect item 
test trials Were 
iven standard 
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VD instructions and, in addition, Ss in the C and I 
groups were told they were being presented correct 
or incorrect items, respectively. The Ss were taken 
from introductory psychology classes and were 
naive to human learning experiments. No Ss were 
dropped from the experiment. 

Results and discussion.—The analysis of correct 
responses over the six trials of learning yielded a 
significant main effect for method of presentation, 
F (2, 96) = 543, p <.01, indicating that the 
information presented during the study trials 
influenced. performance on the test trials. 
trials main effect was also significant, F ( 
= 11.36, p <.01, and indicated that Ss 
formance improved over trials. 

The Method of Presentation X Trials inte 

was found to be significant, F (10, 480) — 6.15, 
P € .01, and is plotted in Fig.1. Ascan be seen in 
Fig. 1, performance in the C group was consistently 
better than performance in the CI group. In 
addition, the | group was initially at the same 
performance level as the C group, but by the second 
trial the I group fell below the performance level 
of both the C and CI groups. These data support 
predictions made from frequency theory. Finally, 
word sample was found to be significant, F (1, 96) 
=5.43, $ «.05. Since this variable did not 
interact with other variables, it would appear to 
have relatively little behavioral significance. No 
other F reached significance, 

Much of the Trials x Method of Presentation 

interaction occurs on the first two test trials. To 
escribe these results further, the dat 

trials were analyzed alone. 
method of presentation and t| 


The 
480) 
per- 


raction 


a of these two 
In this analysis, both 
he Method of Presen- 
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ically sig- | 
Both results 


ly 


ation X Trials interaction were ide 
nificant, BG, UG) 9:09; E SsO Dea 
are in agreement with the presons an 
third term, the Word Sample X ten PU 96) 
X Trials interaction, was signihicant, piis ‘large 
= 4.00, p < .05. However, considering ERE 
number of F tests performed, this rim No 
seem to have been the result of sampling € 
other F was significant. . < replicates 
The performance of the C and CI groupa d (1970). 
the results obtained by Ingison and Eks : frequency 
"These data support the notion that ex equis the 
units rue to the incorrect items ue trials, 
correct-plus-incorrect. presenta ROT ME between 
thereby decreasing the frequency diffe n frequency 
correct and incorrect items in accord wi 
theory. 


ort 


Py su pp 
Eis r also suppi 
The performance of the 1 group 5 sentatit 
predictions from frequency theory. Er shou 
y the incorrect items on study ta? ^ oct 
of only the inco co 


lead to slower learning than with either thp data | 
only or correct-plus-incorrect procedures: units at 
from the I group suggest that frequency items 0 
added to both the correct and incorrec he 


; on 
. „t items O' 
test trials as well as to the incorrect Ite the droh 


maining trials r 
to the correct items on the test trials, 9 . 
continued to use Rule 2 and their p 4 
would have paralleled that of the C group, xat IG 
It is apparent from the present results Len p. 
occurs on a test trial than a simple mesh cof 
performance. Specifically, learning O the 1 £P 0 
response can occur only on test trials Or e 
and, if the theory is correct, frequen 
both the C and I items during a test tr 


rë 
; senta 

subsequent learning. „perime mu 

Finally, the results of the present vould scorn 
not intuitively obvious. That is, it WON) jea” i 


$ M 1 * as WO, d 

in a two-choice situation such a EXT 
: "esentatio s 

presentation of A or no presentato h" 

: S du : ical informa Suc! (0. 
provide .S with identica 4 s. OU ule 
essentially the same results in both 3 
not the case, and the theory se 
predict the results of the experiment. 
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ACQUISITION AND FAMILIARIZATION HYPOTHESES IN 
PAIRED-ASSOCIATE LEARNING 


ROBERT K. YOUNG! ROBERT W. NEWBY, axb TERRY G. HAMON 


University of Texas at Austin 


(or meaningful) stimuli rather than low-imagery stimuli, they are learned 
more easily in a subsequent free-recall task. The familiarization hypothesis 
states that differential familiarization accounts for this difference while the 
acquisition hypothesis states that the responses acquire some of the attributes 
of the stimuli during paired-associate (PA) learning. The present experiment 
tests these two hypotheses by employing the PA responses in a subsequent 


| If low-meaningful responses previously have been associated to high-imagery 


OO 


verbal discrimination task. 


transfer. Positive transf 
supportive of the acqui 


A recent series of studies attempted to investigate 
the acquisition of such variables as meaningfulness 
(M) and imagery (I) in the laboratory. In general, 
the paradigm employed was one in which a paired- 
associate (PA) list was first learned followed by the 
learning of the PA responses in a free-recall list 
(Young & Barton, 1972), The M, I, and organiza- 
tion of the stimuli were varied during PA learning in 
various experiments. The results were consistent in 
that the higher the M, 1, etc., on the stimulus side, 
the more rapid was the subsequent learning of the 
trigrams previously used as the PA responses. These 
results were taken as supporting the acquisition 
ipe During PA learning a response takes on 
stil ionis or more of the attributes of the 

$ ich it is associated. 
, One of the Nagging difficulties in. the interpreta- 


LE € Ae 
Hon of the data of these experiments was the ditti 
culty in ruling 


er was obtain 
on hypothesis. 


In this paradigm, the acquisition hypothesis pre- 
dicts positive transfer while the familiarization hypothesi 


predicts negative 


ed, and the data are interpreted as being 


the stimuli, such as I, were acquired by the low 
responses during PA learning, subsequent VD 
learning using the PA responses should be facili- 
tated, But, if none of the attributes of the stimuli 
were acquired by the responses during PA learning, 
subsequent VD learning using the familiarized PA 
hould be retarded. Thus the acquisition 
sis predicts that VD learning of low-M 
responses previously associated to high-I stimuli will 
be facilitated while the familiarization hypothesis 
predicts VD learning will be retarded under exactly 
the same conditions. 

Experiment 1.—Vach of 60 Ss were given eight 
trials on a 16-pair PA list composed of noun stimuli 
and CVC responses and then were given five trials on 
a 16-pair VD list composed of CVC pairs. Half the 
CVC pairs in the VD list were constructed from the 
previously learned PA responses, while the other 


out differential familiarization half of the pairs, the control pairs, were completely 
‘ternative explanation. TI is, the respoi new and unfamiliar. The two sets of CVCs were 
Kiven correctly more often during PA learning 1 counterbalanced such that for one half of the < the 
have been more fami rand, if so, should have been experimental pairs in the VD list were made from 
Casier to learn during subsequent learning. This CVC Set 1 and the control pairs were made from 
explanation does not require that differential | or — Set 2. 


M be acquired by the responses during PA learning. 
nstead, differential familiarization may be the 
Variable influencing the results of this series of 
Experiments. 


rimination (VD) learning may provide 


This order was reversed for the other half of 
the Ss. Two groups of PA stimuli were used and the 
noun and CVC sets were combined factorially to 
make four PA lists with noun stimuli and CVC re- 
sponses. All Ss learned the same VD list with dif- 
ferences in conditions being defined by the PA list 


ty method by which a choice can be made between learned. The design can be summarized as a 
die two alternate explanations. Initially the 2 X 2 X 2 X 5 mixed factorial (m = 15 per cell), 
erential effects of | and familiarization upon VD The verbal materials were taken from the same 


learning should be noted. 
Or example, havi 
arning under 
contr; 


Paivio and Rowe (1970), 
e demonstrated more rapid VD 
high-T than under low-I. conditions. 


sources as were those in Young and Barton (1972), 
The nouns had A or AA Thorndike-Lorge ratings, 


and the CVC lists had median association values of 


Bid ist Underwood and Freund (1970) have — 20 with a range of 17 to 25, Formal and meaningful 
dears that difficulty of VD learning increases as similarity were held as low as possible. 
'umbe 9f familiarization, defined in terms of the Both the PA and VD lists were presented by a 
er imes ani is exnos SH d > " - Ns 
ratory, m an item is exposed to S in the labo- Kodak 650 Carousel projector with an attached 
"ases, 


ased YS i ` 
E On these results, if one of the attributes of 
Benz. 
e for reprints should be se "RC 
ACDartm, print tould be sent to Robert K, Young, 
Min," fg Psychology, University of Texas at Austin, 


automatic timer and all lists were learned by the 
study-test method at a 3-sec. rate with a 12-sec, 
intertrial interval. Four different orders ol presen- 
tation for both the PA and VD lists were used to 
control for possible serial learning effects, 
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"Why should I buy Gerbrands relay programming 
equipment when I have been using other electro- 


mechanical systems for so many years?" 


Why? Because most electromechanical programming systems presently in use were 
originally designed many years ago, and with most manufacturers concentrating on 
solid state and computer systems, few innovations have been added to relay program- 
ming equipment. 


Until now. 


Our relay programming line is completely new. It is 
easy to use (no engineering symbols or jargon), it is 
reliable, and it is innovative. Innovative with such new 
items as a Digital Interval Timer with push button con- 
trol, a combination one per second/ten per second Pulse 
Generator with solid state switching, a Cam Stepper 
that incorporates two different mixed sequence steppers 
as well as an alternating stepper, and a rack mount 
Masking Noise Generator that sells for the low price 
9f $75.00 fob Arlington, Massachusetts. 


In addition, ours is an expanding line. As new technical 
developments become available we intend to incorpo- 
Tate these advances in our relay programming line 
Wherever possible, in order to provide you with new and 
innovative instruments designed to make your electro- 
mechanical programming system more versatile and 

easier to program. | 


If you are thinking of purchasing a new electromechan- 
ical programming system or are looking for ways in 
which you can improve and expand your present sys- | 
tem, write or phone for our latest catalog. 


Ralph Gerbrands (Company 


8 BECK ROAD, ARLINGTON, MASSACHUSETTS 02174 (617) 648-6415 
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Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 


Pertinent information you sometimes desper- 
ately need is too often in the Journal issue 
you cannot find. Single copies have a way 
of getting lost, misplaced or destroyed. |t 
is better for you to let us permanently bind 
each journal into semi-annual or annual y 
umes—then 


complete, or 


ol- 
your reference source is always 
ganized and instantly at your 
service. We call them “Vigilant Volumes”; 
they so carefully store and Provide on instant 
notice so much knowledge of timely value. 


The cost per “Vj 


a—pl € stamped in gold 
leaf. “Vigilant Volumes” are handsome li- 


Conversation pieces, 
d in the authorized 
colors, 


HOW TO ORDER 
Simply ship your 
ce Pu together wi 


Volume for 
dling. 


PUBLISHER's AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, Illinois 60624 
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THE BEST 
BEHAVIORAL RESEARCH 
EQUIPMENT I7 MADE 

BY 


BRS/LVE 


Formerly 


BRS-FORINGER 
lla VALLEY eons 


Write for our NEW Combined laeg: 


BRS/LVE 


DIVISION of TECH SERV inc. 


5301 Holland Drive «Beltsville, Md. 20705 
Telephone 301/474-3400 + 800/638-0858 


The new sixth edition of this booklet 
provides relevant up-to-date informa- 
tion on 395 separately administered 
graduate programs in psychology 

in 315 universities and colleges. 


Areas covered include enrollments: 
application for fellowships, scholar 
ships, or assistantships; types of 
assistantships and hours of work; 
government stipends; and post- 
doctoral arrangements. Current 
information has been supplied 
by the department chairman, 
his or her representative, or 
the program director. 


total enclosed for 
copies of GRADUATE STUDY In PSYCHOLOGY FOR 1973-74 


Order Department 


AMERICAN PSYCHOLOGICAL ASSOCIATION 
1200 Seventeenth Street, N.W, 


Washington, D. C. 20036 


Name 


Address 


